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TECHNICAL NOTE D-243 

TAJ3LES AND CHARTS FOR ESTIMATING STALL EFFECTS 

014 LIFTIIJG-ROTOR CIUBACTERISTICS 

By Alfred Gessow and Robert J. Tapscott 

Tables and charts of lifting-rotor characteristics that include 
flight conditions well into the stall range are presented. The informa- 
tion was calculated by numerical methods for a rotor having rectangular 
blades with -8’ of twist with the use of a representative set of air- 
foil section lift and drag characteristics covering a lao angle-of- 
attack range. The application of the information to various types of 
rotor calculations for use in estimating blade motion, performance, 
stability derivatives, and load factors of lifting rotors is discussed. 

INTRODUCTIOI? 

Although helicopters are designed to cruise under conditions that 
result in little or no rotor stall, severe stall is normally encountered 
in maneuvers and in flight at or near top speeds. Flight operation 
involving rotor stall is, therefore, an important design condition 
because of its influence on helicopter-blade and control-system stresses, 
vibrations, load factors, blade-fuselage clearance, performance, sta- 
bility, and control. The effects of stall on many of these items have 
long been recognized, and analytical procedures for estimating some of 
these effects are available in the literature. In general, such pro- 
cedures are based on two approaches: (1) the modification of unstalled- 
rotor theory (i.e., theory in which no account is taken of stall effects 
in the forward-velocity region of the rotor) by means of correction fac- 
tors that are either empirically determined or obtained theoretically 
by numerical methods, or (2) the direct numerical calculation of rotor 
characteristics by means of equations that account for the effects of 
stall on the lift and drag curves of the rotor blade sections. Examples 
of the first approach to the problem can be found in references 1, 2, 
and 3, whereas procedures f o r  carrying out the second approach are pre- 
sented in references 4 and 5. 

The use of theoretical correction factors in conjunction with 
unstalled-rotor theory possesses the advantages of simplicity and speed 
of calculation. These advantages are achieved, of course, with a reduc- 
tion in accuracy inasmuch as the correction factors represent averages 
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representative of a range of conditions. The direct-numerical-calculation 
method yields answers that are as exact as the assumptions of the theory, 
but a practical approach requires the use of automatic computing machines. 
For situations in which an automatic computer is not available or when 
only a limited number of cases are to be investigated, it would be desir- 
able to have numerically computed information available from which trends 
of rotor characteristics can be obtained over a wide range of stalled- 
flight conditions. The purpose of this paper is to present such informa- 

- 

tion for a representative rotor in the form of tables and charts. l 

The variables covered in the calculations include combinations of L 
tip-speed ratios (ranging from 0.1 to O . 5 ) ,  inflow ratios, and pitch 6 
angles that represent flight conditions ranging from well below rotor 9 
stall to severe stall. R o t o r  blade flapping, rotor thrust, power, and 7 
profile-drag power, and orientation of the resultant rotor-force vector 
are determined for rectangular rotor blades with zero cutout and -8' of 
twist. 
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SYMBOLS 

i projection of angle between rotor resultant-force vector and 
shaft axis in plane containing flight path and shaft axis, 
deg 

I 

constant term in Fourier series that expresses p; hence, 
rotor coning angle, deg 

coefficient of cos nJI in expression for p; hence, longi- 
tudinal flapping coefficient, deg 

number of blades per rotor 

projection of angle between rotor resultant-force vector and 
shaft axis in plane perpendicular to plane containing flight 
path and shaft axis, deg 

coefficient of sin nJI in expression for p, therefore lateral 
flapping coefficient , deg 

P rotor-shaft power coefficient, 
fiR2p (QR) 

CP 

P O  
CP, 0 rotor-shaft profile power coefficient, 

fiR2p( QR) 



3 

L 
6 
9 
7 

Cr ro tor - thrus t  coeff ic ient ,  T 
YtRZp(!ilR)2 

C blade-section chord, f t  

sect ion p r o f i l e  drag coeff ic ient  'd, o 

ce equivalent blade chord (weighted on t h r u s t  bas i s ) ,  

sect ion l i f t  coef f ic ien t  
1 

C 

mass moment of i n e r t i a  of blade about flapping hinge, s lug- f t  2 11 

P ro tor -shaf t  power 

a\ Po ro tor -shaf t  p r o f i l e  power 

R blade radius  measured from center of ro t a t ion ,  f t  

r r a d i a l  dis tance t o  blade element, f t  

T ro to r  t h rus t ,  l b  

v t r u e  airspeed of helicopter along f l i g h t  path, f p s  

V induced veloci ty  a t  ro to r  (always pos i t i ve ) ,  f p s  

a ro to r  angle of a t tack;  angle between axis of no fea ther ing  
( t h a t  i s ,  axis about which there  i s  no cyc l ic  p i t c h  change) 
and plane perpendicular t o  f l i g h t  path, pos i t ive  when ax i s  
i s  incl ined rearward, deg 

blade-element angle of attack, measured f'rom l i n e  of zero 
l i f t ,  deg 

ar 

dh 

. 

blade-element angle of a t t a c k  a t  radius  at  which 
tangent ia l  veloci ty  equals 0.4 t i p  speed at 
270' azimuth posit ion,  deg 

a ( ~ = O  -4) (270') 
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blade-element angle of a t t ack  a t  t i p  of advancing blade 
a t  90' azimuth posi t ion,  deg 2I 

a L O )  (90°> 

blade-element angle of  a t tack  a t  t i p  of r e t r ea t ing  blade 
a t  270' azimuth posi t ion,  deg a(l.O) (270') 

blade flapping angle with respect t o  shaf t  and pa r t i cu la r  
azimuth posi t ion,  
(n = 1, 2, 3 ,  . . . ) , radians 

a0 + an cos Jr + bn s i n  $ 
P 

Y' mass constant of ro to r  blade, c,pR4/I1 

co l lec t ive  p i t ch  angle a t  blade root ,  average value of instan- 
taneous blade-root p i t ch  angle around azimuth, deg 

blade-section p i t ch  angle a t  0.75 radius;  angle between l i n e  
L 
6 
9 
7 

e 75 of zero l i f t  of blade sect ion and plane perpendicular t o  
ax i s  of no feathering, deg 

h V s i n  a - v 
rn inflow r a t i o ,  e 

v cos a 
m P tip-speed r a t i o ,  

P mass density of a i r ,  slugs/cu f t  

U 
bce r o t o r  so l id i ty ,  - 
3lR 

JI blade azimuth angle measured from downwind posi t ion i n  direc- 
t i o n  of ro ta t ion ,  radians 

R r o t o r  angular velocity,  radians/sec 

ANALYSIS 

Coefficients representing blade flapping motion, magnitude and 
direct ion of ro to r  force vector, ro to r  t o t a l  power and p r o f i l e  power, 
and advancing- and retreat ing-blade-t ip  angles of a t t ack  were calcu- 
l a t e d  f o r  spec i f i c  combinations of inflow r a t i o  A, blade p i t ch  angle 
80, and tip-speed r a t i o  
ess ing machine which w a s  programmed according t o  the  equations and 

The calculat ions were 
car r ied  out a t  azimuth in t e rva l s  of 200 and with a t o t a l  of nine r a d i a l  
s t a t ions  . 

t 
p by means of an IBM 704 e lec t ronic  data  proc- 

procedures described i n  references 4 and 5 .  * 
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In the calculations, 80 was varied from 6' to 3 8 O ,  p from 0.1 
to 0.5,  and A over a range to cover rotor angles of attack from large 
positive to large negative values and an extremely large range of rotor 
thrust coefficients. The aperating variables thus cover regions of 
flight ranging from well below the stall to regions of extreme stall at 
flight conditions ranging from low-powered descents to high-powered 
climbs. 

Blade Characteristics 

A l l  of the calculations were made for a rotor having untapered 
blades that incorporate -8' of twist, a mass factor 
ping hinges located on the rotor center line, zero cutout, and a tip- 
l o s s  factor of 0.97. The blade-section lift and drag characteristics 
used are given in figure 1 as a function of section angle of attack. 
Below the stall (i.e., 
sentative of well-constructed production blades. The values of c, 
and ,-- above the stall are based on data for the NACA 0015 airfoil 
given in reference 6. Inasmuch as differences in airfoil performance 
tend to be minimized above the stall, it is believed that rotor param- 
eters computed with the data of figure 1 should be representative of 
rotors constructed with any of the commonly used airfoils. The effect 
of variation of airfoil characteristics above stall on rotor charac- 
teristics is discussed subsequently. No effects of Mach number are 
considered in the calculations. 

y '  of 2.62, flap- 

% = 12'), the section characteristics are repre- 

/, 

Ld, 0 

RESULTS 

Tables 

The resxlts of the calculations of rotor characteristics corre- 
sponding to tip-speed ratios of 0.10, 0.20, 0.30, 0.35, 0.40, 0.45, 
and 0.50 are presented in table 1. (The increment in p is smaller at 
the higher values of p because changes in power, flapping, and other 
quantities occur more rapidly at the high values of p.) Within each 
part of table 1 the rotor quantities are given for values of 
ranging from 6' to 58' (or 
and fo r  each value of 
increments of 0.01 are given. Flapping coefficients, inflow ratios, 
power coefficients, and other paramtcrs associited with particular 

eo 
from Oo to 32') in bo increments, 

80, a range of ($/a values from 0 to 0.16 in 
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values of p, eo, and $ / a  were determined and a r e  presented i n  the 

table. The use of even increments of + /a  r a the r  than those of h 
f o r  each value of €lo f a c i l i t a t e s  the use of the tables because +/a 
i s  the  usual known quantity.  
interpolat ing from p l o t s  of CJIIU against  h similar t o  those shown 
i n  figure 2. 

The even increments were obtained by 

There are  two columns of values f o r  a '  i n  each p a r t  of the tab le .  
The values for  a '  l i s t e d  i n  column 8 were computed from the  following 
equation which is  derived i n  reference 7: L 

6 

whereas t h e  values given i n  column 9 were computed from the d i f f e r e n t i a l  
equation given i n  reference 5 .  Differences between the two s e t s  of 
values are generally negl igible  from a p r a c t i c a l  viewpoint, although 
the  quant i t ies  given i n  column 9 should be considered as being more 
accurate.  The l e s s  accurate values are presented because of possible  
value i n  obtaining compatible answers i n  problems where the power 
coef f ic ien ts  a r e  used as s t a r t i n g  points  r a the r  than the  more bas ic  
conditions of A, 80, and p. 

Charts 

Rotor-thrust, profile-drag-power and total-power coef f ic ien ts  as 
functions of inflow r a t i o  h f o r  constant values of the co l lec t ive  
p i t ch  angle 80, obtained from t ab le s  l ( a )  t o  l ( g ) ,  a r e  given i n  f ig-  
ures 2(a)  t o  2 ( g ) .  Each f igure  corresponds t o  a constant tip-speed 
r a t i o  )I, s t a r t i n g  with p = 0.1 and ending with p = 0.5.  Combina- 
t i ons  of h, 80, and )I which r e s u l t  i n  the onset of s t a l l  a t  the  
t i p  of t h e  r e t r ea t ing  blade 

12O), whichever occurs f i r s t ,  r e t r ea t ing  blade 

a r e  shown on the p l o t s  of CT/U against  h i n  the  figure. 

= 12') o r  inboard on the 
(a(1*0)(2700) 

( a ( ~  = 0.4)(270°) 

9 
7 

i 

obtained from the  t ab le s  a r e  presented i n  CP - CP,o Values of 
U 

f igure  3 as a function of A and p fo r  f ixed values of +/u ranging 
from 0.01 t o  0.13 i n  increments of 0.02. These p l o t s  i n  conjunction 
with those of f igure  2 can be used i n  carrying out the i n i t i a l  stages 

t 

of performance, s tab i l i ty -der iva t ive ,  and blade-motion calculat ions.  I8 
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U s e  of Tables and Charts rl 
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A s  a f i rs t  s t ep  i n  calculat ing such i t e m s  as r o t o r  blade motion, 
ranges f o r  cycl ic  and co l lec t ive  pitch, hel icopter  performance, and 
r o t o r  s t a b i l i t y  der ivat ives ,  it is  necessary t o  convert t he  physical  
dimensions of the  he l icopter  and the f l ight  conditions of i n t e r e s t  i n t o  
the three  bas ic  var iables ,  p, 80, and A. The procedure is  out l ined 
i n  a number of publications,  reference 7 being a recent  example. 
described i n  that  reference,  the known data can be transformed i n t o  p, 

A s  

CP - CP,o CTI'J, and quant i t ies  from'which A, go, and thence the 
0 

des i red  information can be obtained from r o t o r  ana ly t i ca l  theory, tables, 
o r  char ts .  

Determination of h and eo.- The inflow r a t i o  h can be read 

d i r e c t l y  of f  the  p l o t s  of f igure 3 by noting, on the  p l o t  f o r  the  appro- 
pr ia te  value of %/a, the in te rsec t ion  of the input value of 

- .  

w i t h  the pa r t i cu la r  p l i ne .  The co l lec t ive  p i t ch  
CP - CP,O 

d 
angle eo can then be obtained from the  p l o t s  of C$/o agains t  h 
i n  figure 2. 

Calculation of he l icopter  performance.- Rotor prof i le-drag power 
and t o t a l  power can be determined from the p l o t s  of figure 2 when the 
values of h and 80 are known. A n y  other performance problem, such 
as the determination of hel icopter  rate of climb a t  a given power con- 
d i t i o n  and airspeed or  the  determination of the  amount of paras i te -  
drag a rea  t h a t  could be handled a t  a given f l i g h t  and power condition, 
can a l s o  be solved by the use of figures 2 and 3 .  

Calculation of ro to r  blade motion and t i p  angles of a t tack.-  Once 
h and 90 have been determined, the harmonics of ro to r  blade flapping 
motion and the angles of a t t ack  a t  the  t i p  of the advancing and 
r e t r e a t i n g  blades can be read f romtab le  1 by using the known values 
of p, 80, and GJI/U. Usually some in te rpola t ion  between the values 
of 90 and CT/U w i l l  be necessary, and i f  a great deal of this type 
of computation i s  required, it m y  be more convenient t o  p l o t  the  tabu- 
l a t e d  data  i n  order t o  avoid the numerical interpolat ion.  

Calculation of r o t o r  s t a b i l i t y  der ivat ives . -  Methods and char t s  
f o r  calculat ing r o t o r  s t a b i l i t y  derivatives i n  forward f l i g h t  f o r  non- 
s t a l l e d  conditions a r e  presented and discussed i n  references 8 and 9. 
I n  general, the  der iva t ives  depend on the va r i a t ion  of the magnitude 
afid d i rec t ion  of r o t o r  r e su l t an t  force and va r i a t ion  of the magnitude 
of r o t o r  power and blade flapping coef f ic ien ts  w i t h  r o to r  angle of 
a t t a c k  a, t i p  speed r a t i o  p, col lect ive p i t c h  angle eo, and pi tching 
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velocity.  Many of these der ivat ives  can be obtained f o r  s t a l l e d  con- 
d i t i o n s  e i the r  d i r e c t l y  from t ab le  1 or  by appropriate p l o t s  t ha t  can 
be constructed from the tabulated data .  

The der ivat ive &'/& a t  constant values of $/a and €lo, f o r  
example, can be obtained by reading the  a '  values (corresponding t o  
the  appropriate CT/U and 80 values) f r o m t h e  t ab le  a t  two succes- 
s ive p values. The various a '  der iva t ives  can be obtained by 
p lo t t i ng  the  tabulated a '  values i n  the same fashion as the a '  char ts  
of reference 8. Derivatives that 'depend on r o t o r  angle of a t t ack  a L 
are i n  turn a function of ro to r  s o l i d i t y ,  as wel l  as of p, CT/a, 6 
and Bo. Thus, fo r  a pa r t i cu la r  value of so l id i ty ,  a can be calcu- 9 
l a t e d  for any p, CT/u  ( o r  A), and 80, combination given i n  the 7 
tab le ,  and the a der iva t ives  can then be obtained from the t ab le s  i n  
a manner s i m i l a r  t o  t h a t  discussed i n  reference 8. 

Estimation of load factors . -  It w a s  previously noted t h a t  a very 
wide range of CT/O values was covered i n  t h e  calculat ions.  The prime 
reason f o r  presenting information corresponding t o  +/CI values as 

study of the maximum t h r u s t  capab i l i t i e s  of l i f t i n g  ro tors ,  pa r t i cu la r ly  
from the standpoint of load-factor estimation. Although the predict ion 
of load factors  reached during maneuvers involving cycl ic-pi tch manipu- 
l a t i o n  i s  a dynamic problem involving the  s t a b i l i t y  and mass character-  
i s t i c s  of the hel icopter ,  the mater ia l  presented i n  t h i s  paper can pro- 
vide the  s t a t i c  der ivat ives  required i n  the so lu t ion  of the problem. 

high as 0.16 a t  the upper range of tip-speed r a t i o s  i s  t o  a i d  i n  the c 

L 

3% I o  The two pertinent der iva t ives  - and 

the tables i n  the manner discussed i n  the  
38 

DISCUSSION 

a c T P  - can be obtained from 
3a 

previous se  c t i on. 

The in te rpre ta t ion  and appl icat ion of the  t ab le s  and char t s  of 
ro to r  charac te r i s t ics  presented i n  t h i s  repor t  are af fec ted  by the 
assumptions contained i n  the theory and by the  use of a spec i f i c  s e t  
of a i r f o i l  da ta  and blade geometry. 
t i ons  on the use of the  t ab le s  and char t s  w i l l  be discussed. 

Some of the  more important r e s t r i c -  

Use of Two-Dimensional D a t a  

A basic uncertainty of the  theory on which the computations of 
t h i s  report a r e  based i s  the use of s t r i p  ana lys i s  theory ( i . e .  - use 

0 

P 
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of two-dimensional airfoil data) to calculate rotor forces under the 
condition of severe rotor stall. Although the justification for the 
use of section data for calculating rotor characteristics in the 
unstalled condition has been well documented, very little data, parti- 
cularly at full-scale, is available for checking its use in the stall 
condition. Aside from the paucity of experimental rotor data, a pre- 
cise comparison between theory and experiment is difficult because of 
the lack of trustworthy section data in the ranges of Mach and Reynolds 
numbers encountered on the rotor, particularly in regard to the angle 
of attack for, and the value of, the maximum lift coefficient. 

A preliminary study of the available data shows that although the 
onset of stall as indicated by the increase in profile power is well 
predicted, the effects of stall on the rotor thrust may be delayed 
somewhat beyond the point indicated by the theory. The trends of blade 
flapping, rotor thrust, and total power with increasing amounts of 
stall appear to be reasonably well predicted although the magnitude 
appears to be exaggerated by theory at a particular stall condition. 
The tables and charts of the report can therefore be expected to pro- 
vide a basis for estimating the maximum effects of stall on various 
rotor characteristics and, in addition, can be conveniently used to 
compare theory with experiment when trustworthy, large-scale data on 
stall effects become available. 

Effects of Specific Section Characteristics 

In order to determine the extent to which the calculated rotor 
characteristics would be affected by variations from the section data 
shown in figure 1, a limited number of flight conditions were calcu- 
lated with the airfoil lift characteristics that covered a range of 
variations in shape that may be encountered in practice. No signifi- 
cant differences in blade flapping o r  rotor thrust were obtained as a 
result of using the different lift-coefficient curves. 

Although the curves of %/a plotted against h in figure 2 have 

(or  in rotor angle of 
The rise in thrust with 

a marked reduction in slope once stall occurs, the thrust continues to 
rise even for extremely positive increases in h 
attack) for all but the highest values of 
positively increasing A 
tion of cz with o+ beyond the stall. By recomputing some of the 
CT/U curves with section drag data in which Cd,O was limited to its 
value at o+ = 12O, it became apparent that the excess thrust capabil- 
ities of rotors operating at large positive rotor angles of attack are 
due in large measure to the contribution of the section drag forces. 

80. 
is greater than can be explained by the varia- 



10 

Effect of Blade Geometry 

A study of the curves of figure 3 shows that for a given value of 
CP - CP,O 

CT/U, the values of corresponding to a fixed value of A 
U 

decrease rapidly with increasing tip-speed ratio, and actually become 
negative at i.t = 0.5 for all but the 'lowest values of Q/u. Since 

represents the power that the rotor expends in performing 

useful work (in overcoming parasite drag or causing a rate of climb), 
it would appear that pure helicopter operation might not be feasible 
at normal values of +/a at a CL = 0.5 without an increase in the 
section stall angles or a change in blade geometry from that used in 
the present set of calculations. 

CP - CP,o 
U 

The items of blade geometry that can be expected to influence rotor 
characteristics in the stall regimes are blade cutout, twist, and plan- 
form taper. Unpublished results of calculations show that sizable 
reductions in profile-drag power as well as increases in "propulsive" 

i.e., increases in cp - ",') are achieved by a cutout of 
U 

about 0.3 radius at tip-speed ratios above 0.3. Thus, in estimating 
the characteristics of rotors with greater than normal amounts of cutout 
at high tip-speed ratios, the information given in table 1 and figures 2 
and 3, which are based on zero cutout, should be modified to include 
the beneficial effects of blade cutout. The amount of blade twist and 
plan-form taper can affect the amount of rotor stall and thus can influ- 
ence rotor characteristics. The -8' of twist and rectangular plan form 
assumed in the calculations of this paper are representative of a wide 
range of present and projected designs. The primary influence of blade 
twist on rotor profile-drag power is brought about by its delay of 
rotor stall. In order to avoid large regions of negative thrust on 
the advancing side of the rotor at high tip-speed ratios and to mini- 
mize blade stresses, designers have generally avoided blade-twist values 
very much in excess of -ao. 

CONCLUDING REMARKS 

Lifting-rotor characteristics have been computed by numerical 
methods and presented in the form of tables and charts for ease of 
application. The calculations cover flight conditions that extend into 
the range of extreme stall and are based on a rotor with zero cutout 
and blades with rectangular plan form and -8' of twist. The two- 
dimensional airfoil data used in the calculations account for blade 
stall but not for variations in Mach number. The characteristics 
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presented include ro to r  
prof i le-drag power, and 
vector.  

blade motion, ro to r  t h rus t ,  t o t a l  power, 
or ientat ion of the r o t o r  r e s u l t a n t  force 

The charts  and t ab le s  a re  expected t o  be usefu l  i n  es t imat ing the  
e f f e c t s  of s t a l l  on ro to r  blade motion, ro to r  performance, s t a b i l i t y  
der ivat ives ,  and load f ac to r s .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  January 11, 1960. 
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TABLE 1 

CALCUIATED CHAIULCTERISTICS OF A ROTOR HAYTNG RELTANGULAR 

BIADES W I T H  A LINEU WIST OF -8' 

c- cn 
\D 

I 
d 

.oooO -2.14 

.om -1.53 

.omI -1.84 

.03001 -1.22 

.GOO -.89 

. O W 1  -.56 

.om -.21 

.07001 .14 

.OR00 .52 

:El 1% 
.11001 1.82 

2.03 ;El 

. 1 m  

.lm 

0.10 
.41 
.72 

1 .03 
1.35 
1.66 
1.99 
2.31 
2.64 
2.99 
3.34 
3.73 
3.37 
2.08 
2.57 
3.67 
5.60 

-2.11 
-1.56 
-.99 
- .39 

.23 

.85 
1.55 
2.28 
3.09 
3.91 
4.94 
6.15 
7.66 
9.97 

14.83 
18.57 
21-55 

eo = 100 

-0.39 
.16 
.73 

1.30 
1.88 
2.48 
3.10 
3.70 
4.42 
5.18 

7.32 
9.02 

15.81 
20.71 
24.05 
26.71 

6.17 

0.09 0.52 -0.01 -0.01 5.43 5.47 
1.06 -64 .oi .w 3.36 3.38 
2.03 .74 .02 . o ~  1.91 1.92 
3.00 .84 .03 .00 1.08 1.08 
3.98 .93 .& .m 1.36 1.38 
4.98 1.03 .05 .oO 1.33 1.36 
6.00 1.13 .05 .oO 1.34 1.37 
7.01 1.22 .06 .oO 1.40 1.43 
8.12 1.34 .06 .oO 1.44 1.47 
9.25 1.47 .07 .OO 1.47 1.49 

10.51 1.68 .08 .00 1.54 1.51 
11.80 1.93 .io .00 1.65 1.53 
13.16 2.51 .19 .02 1.66 1.61 
14.70 6.11 .65 .02 1.10 .79 
16.08 8.17 .56 -.03 1.09 .e7 
17.49 9.37 .39 -.05 1.21 1.12 

118.9!,lo.@!, .m, -.05, l.3Y , 1.42 

1.21 
1.80 
2.39 
2.99 
3.59 
4.19 
4.80 
5.43 
6.06 
6.76 
7.37 
8.55 

11.98 
21.99 
26.25 
29.31 
31.64 

1.72 1.20 
2.71 1.29 
3.71 1.39 
4.71 1.48 
5.70 1.58 
6.72 1.68 
7.75 1-77 
8.79 1.67 
9.87 1.98 
-0.9 2.04 
-2.23 2.36 
3.66 4.24 
-5.24 9.02 

-8.24 11.49 
-6.75 10.64 

-9.68 n . 6 5  

__ 
1.94 
1.84 
1.77 
1.74 
1.75 
1.82 
1.88 
1.96 
2.05 
2.14 
2.25 
2.29 
1.84 
1.53 
1.64 
1.76 
1.99 

1 
.09 -0.09 0.00 0.00 -0.002223 0.001089 0.001ldr -0.000015 

.07 .18 .00 .00 .012398 .oo0828 .001102 - .oO0275 

.10 .45 .00 .00 .027998 .oooO35 .OOllgl -.GO1156 

.03 .59 .00 .00 .036066 - .ooo618 .001257 - .oO1674 

.02 .72 -.01 .00 .0&4745 -.oOlj44 .001418 - . m y 6 2  

.01 .a .oo .no .004965 .001019 .mi093 - . m 7 4  

.lo .31 .oo .w . o m 7 6  .oo0% .mil34 -.000630 

.11 .85 - .01 . o ~  .053756 - .002205 .001650 - .003855 

.18 .99 -.02 . o ~  .063582 -.o03185 .cow$+ -26 1-12 -a02 -00 -.cog190 
.073853 -.004338 .a32445 -.006783 

.32 1.26 -.03 -.01 .085748 - .oO5517 .003231 -.oO&749 

.35 1.40 -.05 -.01 .09gOOl -.&TO7 .0&17 -.011124 

.39 1.57 - .06 .00 .11W5@ - ,CO7714 .006330 -.014&4 

.41 1.85 - .& .oO .13699 -.008115 .009%5 -.oi807y 

1.75 
1.77 
1.84 

.:I1 -.021 

.oOl 

-.0721091 .0032311 .001156l ~ O O % $ ~ l  
.64 -.02 .oO -.064348 .003601 .001150 .oO2451 

.39 .78 -.02 .OO -.056604 .003830 .001162 .oO266Y 
1.91 I .38l .921 -.021 
1.99 . j6 1.06 -.02 
2.09 .34 1.20 -.02 
2.17 .3l 1.34 -.02 
2.25 .27 1.46 -.03 
2 . q  .30 1.61 -.05 . 
1.64 -.& 2.36 .09 
1.22 1-.411 3.261 .I41 .151 .0928481 .0127271 .0251281 -.0124011 

I 1 1 
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TABLE 1.- continued 

CALCULATED CHARACPERISTICS OF A ROTOR HAVING R E C T A N G W  

B~ADES WITB A LINEAR TWIST OF -ao 

(a) = 0.1 - Continued 

deg deg deg 

I 1 I i - 

0.05 
.05 
.05 
.06 
.06 
.O7 
.08 
.09 
.09 
.10 
.10 
.17 
.83 
3 6  
.24 

- .01 
- .14 
- 

T 

2.79 
3.39 
3.99 
4 .a 
5.22 
5.85 
6.48 
7.13 
7.79 
8.42 
9.15 

10.18 

6.94 
4.55 
2.81 
1.75 
1.38 
2.06 
2.20 
2.36 
2.50 
2.62 
2.73 
2.94 
1.50 
1.96 
2.27 
2.55 
2.95 

0.011 6.56 T .ooOO 1.17 
,01001 1.47 
.0200 1.78 

0.00 -0.143261 0.001725 0.001760 -0.000035 
.oo -.ij5500 .w2932 .mi627 .Wl305 
.00 -.127654 .004003 .001518 .002485 
.00 -.119723 .004933 .001434 .003499 
.ca - . i n 7 0 8  .005718 .001376 .004341 
.00 -.lo3615 .006349 .001348 . W W 1  
.OO -.C??5412 .CO6837 .001339 .005498 
.00 -.087178 .007169 .001358 .005811 
.00 -.O78690 .007342 .001391 .005951 
.00 -.070693 .007347 .031438 .005910 
.00 -.061250 .0071% .001505 .005649 
.oo -.050536 .006734 .001710 .005024 
. ~ 7  .018889 .016851 .019539 -.002688 
.17 .072052 .021516 .031357 -.009841 

.oo ~55.539 .027361 .051350 -.023989 

.09 .I14642 .024601 .041209 - .omoa 
-.03 ~ 9 7 2 0 5  .030663 .063021 - .om58 

1.39 1.67 
2.37 1.76 
3.36 1.85 
4.36 1.94 
5.38 2.04 
6.40 2.14 
7.43 2.24 

9.53 2.44 
8.47 2.34 

-0.53 2.54 
-1.72 2.64 
-2.87 2.94 

.01 4.54 

.OOl 2.73 

.00 1.75 

.oo 1.41 
,0300 2.10 
,0400 2.42 
. O X O  2.75 
.06m 3.08 
.0700 3.41 
. o m  3.75 
.OW0 4.07 
.io00 4.46 
.I100 4.78 
.1200 2.17 
.13oo 2.39 
.1400 3.45 
.1500 5.48 
. m o  8.74 

.00 2.04 

.WI 
2.18 

.01 2.34 

.Oil 2.47 

.01 2.59 
-011 2.69 
.02 2.93 

.59 1.43 -.03 

.56 1.59 -.03 

.52 1.79 -.03 
-.97 3.93 .24 
-.77 3.67 .I7 
-.72 4.06 .le 
-,74 4.78 .12 
-.69 5.21 .01 

21.24 
27.77 
31.62 
34.37 
36.00 

-4.18 8.95 
-5.86 11.69 

-.OS 2.01 
-.07 2.12 

-.OBI -.04 2.28 2.47 
.c4 2.88 

I I 

- 

1.68 
1.40 
1.16 

.98 

.85 

.7a 

.7a 

.76 

.76 

.76 

.76 
1.39 
.1.31 
1.40 
1.39 
-.7a 
- 

2.021 2.22 
5 . 0 0  2.32 

4.34 
4 .94 
5.55 
6.18 
6.81 
7 .v5 
8.10 
8.77 
9.41 

3.05 
.06 

0.28 -0.03 
.41 -.03 
.55 -.03 
.68 -.03 

.96 -.03 
1.10 -.03 
1.25 -.03 
1.39 -.03 
1.54 -.04 
1.55 -.a 
4.62 .25 
4.61 .22 
5.50 .16 
6.28 -.03 
4.40 .05 

.a2 -.03 

1.00 4.12 4.08 
.OO 3.63 3.60 
.00 3.23 3.21 
.00 2.91 2.91 
.@I 2.69 2.69 
.00 2.56 2.57 
.m 2.55 2.56 
.m 2.60 2.61 
.OO 2.75 2.78 
.01 2.97 2.98 
.01 2.97 2.98 

-.12 2.93 2.34 
-.11 2.87 2.73 
-.06 3.01 3.14 

.05 3.43 3.54 

.03 4.58 4.54 

.0100 2.47 

.02001 2.79 

.0300 3.11 
3.99 2.42 
5.00 2.52 
6.02 I 2.62 

.06 

.O7 

.08 .0400/ 3.44 
.05001 
.0600 4.11 
.07W 

7.061 2.72 .09 
.09 
.10 
.IO 
.12 

8.10 2.82 
9.161 2.92 
0.24 3.01 

_, . ~~ 

.00 -.12&.03l .011-021 .001..C:I . co r17  

.00 -.117Oc1 .011773 .OC:r ?I .01007( 

.00 -. l l c h  .O! 1776 .OC!CT i  .010CIY 

. o m 1  4.81 
5.16 :?%I 5.16 

.1xx) 2.27 

10.20 
10.21 
27.57 

1.35 3.15 

4.70 11.89 
6.51 14.06 

9.61 13.94 

1.36 3.16 

8.22 14.67 

9.88 11.10 

.12 

.76 

.38 

.04 
- .14 
- .07 

.13001 7.02 55.51 .. . 
36.81 
38.86 
58.31 

I I I 1 I 

~ 

-2.21 
.28 

2.11 
3.26 
3.73 
3.31 
3.34 
3.35 
3.40 
3.56 
3.52 
2.94 
3.36 
3.80 
4.26 
5.49 
5.52 

- 

2.79 
2.91 
3.02 
3.13 
3.24 
3.34 
3.45 
3.53 
3.70 
3.77 
4.04 
0.56 
.4.49 
-5.91 

.2.01 
~0.37 

-5.58 

- 

I 1 - 

2.66 

4.67 
5.68 
6.70 
7.73 
a.7e 
9.84 
-0.93 
.I. 84 
2.44 
3.6@ 
5.32 

-7.25 

d.91 
-9.7: 

3.66 

-8.9: 

- 

5.77 
6.42 
7.07 

0.00 -0.244678 o.oO403a 0.003986 0.000053 
.00 -.236276 .oo%lg .003584 .00233: 
.OO -.227836 .007700 .003245 .00445: 
.00 -.219359 .009379 .OW968 .00641; 

.00 -.202325 .012441 .002615 .00982: 

.00 -.I93577 .OUT46 .002479 .01126E 

.00 -.1849#l .014881 .002364 .012517 

.00 -.L75299 .015868 .W2307 .013561 
-.02 -.168079 .016013 .!lo1784 .014225 
-.01 -.161148 .016754 .002216 .01453f 

.16 -.084489 .02893a .020402 .00853t 

.16 - . o 2 ~ 0 a  .034164 .032177 .00wa7 

.OO -.210&5 .010956 .002754 .mazoi 

.02 .030967 .038267 .043165 -.00489f 
-.OS .081977 .&2105 .054590 -.01248: 
-.02 .143223 .OX951 .073871 -.02292( 

.OO .I88859 .054652 .086440 -.O3178t 

0.05 
.07 
.08 
.09 
.10 
.10 
.11 
.11 
.14 

7.71 . .  
8.36 
9.01 
9.68 

10.33 
11.13 
11.75 
12.41 
24.43 

.O& 5.76 .owe( 6.14 

.loo0 6.21 
.16 
.22 
.92 .11001 2.80 

.1200 2.72 

.I300 4.45 

.L._I 7.97 

.1500 14.16 

33.39 
38.48 
41.43 

.59 

.15 
- .I2 
- .06 
.oo 
- 

1 40.50 
41.20 .lkoOl 17.84 

I I I I 



5.65 
6.18 
6.92 
7.83 
8.83 
9.84 

10.72 
11.42 
12.02 
12.93 
14.34 
15.91 
17.53 
17.33 
17.93 
19.09 
20.31 

5.27 
5.23 
5.20 
5.25 
5.43 
5.83 
6.50 
8.40 

11.30 
14.37 
16.89 
17.40 
16.20 
14.96 
12.80 
12.10 
12.15 

-.e4 
-.30 
-.17 
.04 
.04 
.02 
.03 

_ _  
5.19 
7.25 
8.70 
9.52 
9.36 
8.57 
8.10 

1: 

e 
TABLE 1.- Continued 

CALCUIATEX CHAFW3TRISTICS OF A ROTOR HAVING REC?mGU 

LVADES W I T H  A LXLQ i54IST OF -4' 

(a) g = 0.1 - Concluded 

eo = 3oo 
h 

-~ 

.00 

.08 

1 - 
0.07 

.08 

.og 

.10 

.11 

.12 

.14 

.I5 

.26 

.49 .ea 

.80 

.36 
-.05 
-.11 

.00 

.02 
- 

- 

0.12 
.ll 
.lo . 11 
. I3  
-15 
.21 
.33 
.61 
.85 
.81 
-52 
.LO 

- .og 
- .01 

.04 
-09 
- 

__ 
0.18 

.16 

.14 

.I5 

.18 

.26 

.43 

.72 .e& 

.80 

.w 

.12 
- .12 
- .01 

-07 
.18 
.3 
- 

I 
4 .04 
4.35 
4.67 
4.99 
5.32 
5.65 
5.98 
6.35 
6.52 
6.31 
3.72 
3.04 
3.74 
7.04 

15.50 
18.51 
21.62 

7.24 
7.86 
8.51 
9.17 
9.84 

10.51 
11.26 

-1.90 
.15 

1.78 
2.98 
3.73 
3.84 
4.03 
4.10 
3 .92 
3.28 
2.61 
4 .og 
4.64 
5.24 
6.40 
6.45 
6.14 

O.OMM83I 3.36 3.43 
4.35 3.54 
5.35 3.65 
6.37 3.76 
7.39 3.88 
8.43 3.99 
9.48 4.14 

10.50 4.24 
11.59 4.69 
L2.51 5.64 

14.32 14 .03 

18.02 16.85 
18.28 14.02 

19.91 10.37 

13.04 9.96 

16.03 16.59 

~8.81 11.36 

3 .00  -1.82 
.00 .21 
.00 1.82 
.oo 3.01 
.00 3.75 
.00 3.86 

.Mxx) 

.0100 

.0200 

.0300 

.04w 

.0500 

.06m 

.0700 

. o m  

. O W  . loo0 

.1100 

.l200 

.13m 

.1400 

.I400 

1.006108 

.012481 

.014381 

.016148 

.019112 

.021157 

.038159 

.056147 

. a 1 4 3  

.00%4j 

.004929 

. a 4 7 5  

.C#+087 

.002892 

.005536 

.008006 
, .010294 

.003766 .oi2382 

.003529 .014297 
-003179 -015933 
.003688 .01746g 
.005577 .018308 

- .289710 
- .281082 
-a272335 
- 263470 

- .24 5249 
- .e36594 
-.e24425 
- .209226 
- ~ 5 7 6 7 4  

.010516 

ci 

.01 4.07 

.011 4.16 

.03 4.04 
11.97 
13.09 
14.68 
22.60 
32.04 
'8.78 

.071 3.53 2.35 
5.62 
7.27 
7.84 
3.86 
6.21 

. ~ ~. 
- . l3  3.74 
-.24 5.06 
-.21 5.12 
-.W 5.27 
.03 6.65 
.oo 6.45 
.oi 6.18 

1.70 
2.39 
2.91 
3.21 
2.03 

I 

.009929 

.004324 
-.002565 
- .013403 
- .O22843 
- .030907 

42.97 
43.56 
43.55 
44.93 

- .07 
- .02 
- .02 
- . O l  
1 1 

1 
-0.01 1 .ll 

3 - .02 

- .Ol 

4.87 
5.19 
9.51 
5.83 
6.14 
6.49 
6.75 
6.89 
6.24 
4.27 
3.57 
5.86 
6.16 

11.44 
18.46 
22.46 
25.29 

8.75 
9.31 
9.92 

10.58 
11:29 
11.98 
12.91 

0.02 
1.22 
2.26 
3.13 
3.79 
4.25 
4.41 
4.07 
2.81 
2.47 
3.89 
5.55 
6.51 
7.37 
7.61 
7.21 
6.93 

0.01 0.13 
.01 1.29 
.oo 2.31 
.oo 3.17 
.00 3.84 
.01 4.30 
.02 4.51 

-0.353gO5 0.008943 0.008744 
-.345590 .011440 .007957 
-.JJ6945 .013679 .007235 
-.3z7971 .016242 .006589 
-.318667 .018511 .006029 
- .309747 .020407 .00%11 
-.298933 ,022736 .0052&3 
-.288794 .024672 .005%9 
-.268424 .029649 .008764 
-.223098 .037345 .017849 

- .ll661rl .046745 .O3>152 

-.009382 .055286 .055727 
.086671 .068026 .082055 
.l38600 .071633 .094325 
.le0669 .074102 .lo4713 

-.170486 .e42516 .0:6365 

-.066763 .050581 .043788 

0.000200 
.003483 
.006644 
.cog654 
.012482 
.014996 

7.09 4.45 
8.11 4.60 
9.12 4.71 

10.17 5.01 
11.04 5.43 
11.89 6.89 
12.50 10.46 
13.57 13.94 
15.10 16.75 
16.79 17.47 
18.75 16.13 
17.92 12.67 
18.89 11.29 
20.06 10.57 

.01'&76 
-019323 
.020886 

13.84 
16.18 
22.83 
31.03 
38.48 
42.94 
46.01 
46.10 

.01%95 

.016151 

.Oll593 

.006793 
-.oo0440 
- .014029 
- .022693 
- .030610 

6.43 
6.89 

.09 7.32 

.01 7.63 
47.33 
49.05 

.01 7.G 

.01/ 6.93 
I 

1 

eo = ~ B O  

~ 

2.15 
2.58 
5.13 
5.69 
4.10 
4.18 
3.73 
2.00 
1.99 
3.73 
5.90 
7.93 
9.21 
9.33 
8.56 
8.12 
7.86 

10.78 
11.03 
11.42 
11.98 
12.74 

.01 2.70 

.011 3.22 

.oi 3.76 

2.44 .99 
2.36 1.01 
2.18 1.07 
1.67 1.22 
1.36 1.49 

.65 1.90 
-1.42 3.29 

.009337 .011305 

.008611 .014682 

.006798 .020644 

.019119 .022720 

.00839 .017969 

.or2661 .022676 

.026134 .om995 

.034126 .01733g 

.a1812 .013598 

.a9814 .009332 

.077387 - .004666 

.093153 -.014733 

.114333 -.030619 

.i04w -.023365 

.011 4.18 
13.74 
14.95 
17.91 
23.48 
30.68 
38.02 
42.41 
44.78 
48.86 
50.09 
52.33 
54.77 

.03 4.32 

.04 2.80 

.061 3.99 

-.121 3.38 -2.951 +.&I 

- .02 
-.16 
-.16 
-.02 
- .03 
- .03 

- .138900 1 .05%10 .66 
.28 
.02 
.10 

.&I 7.76 
I 
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- 
cp CF,O a3, i:; ii; b ' ,  bl, b2, b3, A, - 

deg (ref. 7) (ref. 5) deg deg deg deg deg * 0 

CP - CP,O -- 
U 

0.72 
.22 

1.18 
2.17 
3,18 
4.19 
5.26 
6.35 
7.51 
8.66 
9.94 
1.22 
2.46 
3.76 

6.51 
5.10 

7.98 

0.02 -0.02 0.00 15.47 
. l9  .01 .OO 9.46 

.57 .06 .00 1.50 

.77 .09 .01 - . l3  

.98 .11 . O l  1.13 
1.22 .14 .01 1.23 
1.46 .17 .01 1.48 
1.78 .21 .01 1.67 
2.13 .25 .01 1.78 
2.71 .35 . O j  1.94 
3.61 .53 .07 2.12 
5.66 .95 .13 2.00 
7.43 1.07 .07 2.30 

10.07 1.02 .00 2.91 

.38 .03 .oo 4.75 

8.87 1.08 .03 2.65 

11.02 .89 - . O j  3.08 

0.00 1.10 
.961 1.28 

1.92' 1.46 
2.89 1.65 
3.87 1.83 
4.851 2.01 
5.871 2.22 
6.88, 2.40 

0.03 0 00 
.06 100 
.09 .01 
.ll .01 
.14 .01 
.17 .01 
.19 .01 
.21 .01 

8.89 2.G 
10.44 3.76 
l i . 7 0 ~  6.14 
13.05 8.51 
14.47 10.29 
15.93 11.63 

.29 .02 2 . 9  

.44 .05 2.99 

.98 .I3 2.75 
1.17 .06 3.05 
1.18 .01 3.43 
1.07 -.02 3.79 

.1200 

.1300 

.1400 

.1500 

.1600 

-.60 

-.72 
-.44 

.03 

-.a3 

.0200 

.0300 

.c400 

.0500 

.06m 

.0700 

.om0 

.0900 

.lo00 

.1100 

.12w 

.1300 

.1400 

.1500 

.la0 

.02 

.23 

.44 

.66 

.88 
1.10 
1.34 
1.55 
1.57 
-.22 
-.68 
-.70 
-.43 

.15 
1.02 

TABLO 1.- Continued 

CALCULATED CWLRACTERISTICS OF A ROTOR HAVING RECTANGULRR 

U D E S  WITH A LINEAR TWIST OF -8' 

(b)  M = 0.2 ,m 
deg deg 

( 1.0)(90°)' a(l.O)( 270')' ' l a  deg I deg 

-0.000088 7 - .000178 

1 

-2.20 
-1.48 
- .73 

.06 

.89 

2.68 
3 .63 
4.78 
6.07 
7.76 
9.92 

13.85 
18.06 
21.66 

27.56 

1.74 

24.83 

15.47 
9.47 
4.75 
1.50 
- .13 
1.13 
1.23 
1.48 
1.65 
1.73 
1.86 
2.02 
1.68 
1.9 
2.25 
2.57 
2.83 

.ow01 -2.18 

.0100 -1.97 
-0.003231 0.001107 C 

.003833 .001041 

.011157 .COO858 

.018740 .000%4 

.026583 .000087 

.034Y+5 -.Mx)553 

.04~171 - .mi2g i  

.052026 -.m222j 

.062037 -.003193 

.072474 - .oO4226 

.085771 -.005237 

.io2258 - .005930 

.129476 - .003557 

.157746 -.001187 

.184728 .000322 

.211745 .001598 

.238849 .002663 

.001179 

.001189 

.001227 
SO1295 
.001374 

.001790 

.002235 

.002850 

.Oi?4019 

.006141 

.012817 

.027481 

.034885 

.om361 

.O42602 

.00 

- .ll 

.18 

.0200/ -1.77 

.0300 -1,s) 

.0500 -1.11 
-1.;; 

-.I61 .59/ ~. 
-.27 .85 

.02 1.12 

.13 1.39 

.e3 1.66 

.34 1.94 

.46 2.19 

.57 2.53 

.64 2.98 

- .001927 
-.002847 
-.oO4013 
-.OOY+28 
- .007076 
- .0092>6 
- .012072 
- .016374 
-.021?+9 
-.027159 
- .033287 
- .039939 

.1500 -.79 

.i6001 - . 5 ~  

100 80 

I I I I  
.00001 -1.28 -0.19 8.47 8.50 

5.89 
3.96 
2.71 

2.69 
2.68 

2.17 

2.77 

-0.000143 
.000249 

.000210 
- .000221 
- .000838 
- .001702 
-.002559 
- .oO4594 
- .008109 
- .012971 
- .018280 
- .024024 
- .030316 
- .037127 

.sk 
1.72 
2.09 
2.86 

5.81 
3.94 
2.70 

.. 
- .05>31j .00:"os 
-.O?R:?:. .00171- 
- .C>lC50 .001641 .&001 -.44 2.16 

2.68 
2.66 
2.76 
2.82 
2.87 
2.91 
2.38 
2.52 

- I  
.0500' -.23 
.06m( -.oi 

3.62 
4.48 
5.30 .07001 .22 

. O m  .46 

.0?001 .6j 

.loo0 .8> 

6.37 
7.34 
9.49 

13.87 
19.32 
23.76 
27.34 

8.00 2.691 .241 .021 2.84 
.0192291- .oO07341 

.OO.j014 I 

.oog304 

.017434 

.024956 

.032347 

.040179 

.o48122 

2.90 
3.38 
3.72 
3.89 

30.42 
33.13 

14' 

~ .28 

.21 

.12 

1.78 
2.54 

0.09 0 01 
.lll : o J  

7.03 
5.83 
4.88 
4.19 
3.78 
3.65 

6.94 
5.76 
4.83 
4.15 
3.75 
3.62 
3.89 
3.99 
4.19 
4.25 
4.04 
3.19 
3.70 
4.14 
4.58 
4.82 
4.81 

).CY300 0.40 
.0100/ --.19 

-0 .000129 

3.30 
4.08 
4.88 
5.68 
6.48 
7.34 
7.91 
9.33 

11.19 
19.33 
25.08 
29.45 
32.99 
36.02 
38.60 

.001322 

.001294 

.001301 

.001321 

.001173 

.002770 

.014083 

.021911 

.037481 

. a5563  

.14 .01 

.17 .01 

. l 9  .01 

.22 .02 

.25 .02 

.27 .02 

.25 .01 

.36 .03 

.002385 

.002374 

.002185 

.001879 

.001142 
-.ooo020 
- .005008 

3.92 
4.02 
4.20 
4.30 
4.21 

.60 2.08 -.08 

-571 .50 2.271 2.67 -.091 -.09 
.63 .I1 

1.26 .07 
1.27 .OO 
1.15 -.a 

.98 -.06 4.94 

.51 -.lo 

.76 -.08 

3.91 
4.36 
4.65 

- .01&5 
- .015322 
-.021235 
- .027670 
- .034595 

5.06 
4.99 

1 



0.01 

.01 

.01 

.a1 

.oi 

-0.199742 

-.183817 
-.175717 

-.191826 

-.167524 

.02 

.02 

.02 
-02 
.03 
.05 
.a7 
.13 

-.02 
-.12 

3.83 
4.49 
5.03 
5.37 
5.70 
5.96 
6.15 
5.91 
6.63 
7.09 

7.02 
8.06 
9.11 

10.07 
10.97 
11.96 
13.46 
15.27 
17.13 
19.11 
21.15 
23.15 

5.34 
5.59 
5.92 
6.24 
7.98 

11.70 
14.78 
16.85 
18.05 
18.72 
18.96 
18.50 

2.64 
3.64 
4.65 
5.67 
6.69 
7.73 
8.75 
9.66 

10.66 
11.43 
12.64 
14.- 
16.19 
18.27 
20.49 
22.65 
24.55 

5.60 
5.76 
5.94 
6.14 
6.38 
6.65 
6.92 
7.55 
9.10 

11.66 
14.96 
17.57 
19.17 
19.97 
20.16 
19.71 
18.67 

2.50 
2.43 
2.65 
2.86 
3.06 
3.27 
3.20 

6.05 
8.m 
9.72 

10.63 
11.58 
12.53 
13.80 .& 

.13 
-.02 
-.16 
-.19 
-.19 
-.1g 
-.08 

6.47 
6.43 
7.35 
8.61 
8.77 
8.76 
8.80 
8.66 

TABLE 1.- Continued 

C4LCUIdTED cHARI\cTERIsPICS OF A ROTOR HAVING RECPANGUIAR 

BIAIES W I T 6  A LINEAR TWIST OF -8' 

(b) F = 0.2 - Continued 

s- 
4.60 

~ 

4.25 
4.34 
4.43 
4.52 
4.62 
4.68 
4.80 
4.96 
5.23 
5.24 
4.30 
4.55 
5.06 
5.45 
5.73 
5.87 
5.80 

- 

0.13 
.16 
.19 
.22 
.25 
.27 . 30 
.34 
.33 
.% 

1.19 
1.38 
1.23 
1.02 

.78 

.52 

.27 
- 

- 
0.19 

.22 

.24 

.27 

.30 

.32 

.36 

.45 

.% 
1.02 
1.45 
1.36 
1.14 

.84 

.53 

.3 
-05 
- 

- 

0.27 
.28 
.30 
.33 
.37 
.42 
.48 
.66 

1.07 
1.40 
1.47 
1.29 

.9l 

.56 

.27 

.06 

.01 
- 

I 1 1 1 
1.341 '1.24 .coo01 0.45 1.81 0.38 -0.08 

1.511 .651 -.08 
1.28 .92 -.09 

3.60 
4.40 
5.22 
6.03 
6.86 
7.66 
8.51 
9.40 

10.07 
11.67 
16.43 
25.11 
30.88 
35-19 
38.57 
41.58 
44.26 

.6k 

.a300 1.08 

2.32 3.44 
3.31 3.64 
4.30 3.84 
5.31 4.04 
6.31 4.22 
7.34 4.43 
8.37 4.64 

.0400/ 1.50 .O2 4.68 

.02 4.85 

.02/ 4.74 .ow 1.52 
.06m~ 1.74 
.0700, 1.96 

1.091 2.011 -.lo 
.08001 2.24 12:zl :::: 

11.39 8.20 
. o m  2.23 

.e6 
.11m -.38 12.821 11.95 -.a11 5.39 . l . l 9  6.05 .30 

.1.15 6.58 .32 

.1.01 7.05 .39 
-.85 7.63 .49 
-.& 8.51 .57 
-.g1 9.64 .63 

.imol -.6? 14.431 14.i8 
16.12 15.68 
17.89116.65 
19.74 17.23 
21.691 17.47 

-.1i 6.06 
-.a71 5.91 
I 

00 

I 1 

220 

1 
1.25 
1.46 
1.68 
1.89 
8.11 
2.34 

5.44 I 6.24 
0.021 2.14 
.02 3.04 

1.B 
2.81 
3.65 
4.36 
4.93 
5.29 
5.61 
5.85 
6.01 
5.33 
5.56 
6.02 
6.50 
6.81 
7.05 
6.95 
6.94 
__ 
26' 

2.041 0.571-0.11 0.002715 o . m m  
.002505 .001&1 
.002322 .003393 

0.002796 
.004326 
-005715 
.006956 
.00eo45 

.009729 

.a10463 

.010863 

.019748 

.0238M 

. O M X I  

.026617 

.os252 

.031678 

.033855 
~ 3 6 5 9 1  

1.85 .&I -.11 

1.571 1:381 -.12 
1.69 111 -.ii 7-07 

7.90 
8.76 
9.57 

10.50 
11.53 
12.49 
15.15 
23.32 
31.07 
36.60 
40.72 
44.19 
47.20 
49.78 

.03m 

.04m 

. O W  

.a600 

.07W 

. o m  

.ogoo 

.lo00 

1.491 1.661 -.I2 

2.55 
2.i3 
2.94 
1.98 

1.381 2.861 -.l2 .00x)32 .00883i 
.006430 .008250 
.014972 ' I  .CY34776 .21 

- .45 
- .37 

.22 

.11w 

.12m 

.1300 

.1400 

.1XQ 

.1m 

-.141 7.27 1.741 7.751 .48 

1.35 
3.02 
5.80 

I 1 1 1 

I 

2.84 
3.52 
4.16 
4.75 
5.28 
5.15 
6.16 
6.18 
5.73 
6.16 
7.18 
7.67 
8.15 
8.31 
8.44 
8.50 
8.43 
__ 

0.000066 
.002~oa 
. a 3 9 5  
.006306 
.008020 
.w53 
.010742 
.01164% 
.a11963 
.010290 
.006773 
.0026& 

- .GO2306 
- .007w 
- .01474768 
-.022886 - .0323Y, 

1.97 I 7.28 3.62 0.78 -0.13 
2.97 1.03 -.14 
2.43 1.30 -.14 
2.01 1.57 -.14 
1.74 1.m -.14 
1.62 2.18 -.14 

-0.252655 

- .236571 
- .228156 

- .210580 
-.2017@ 
-.I90795 
- .I70917 
-.140116 
- -098003 
--a55059 - .a11613 

-029715 
-44995 
-122146 

- -244737 
0.004254 

.a13368 
-015197 
.Ole831 
A23257 

- .a2894 

.0500 

.a600 

.0700 

. o m  

. O W  . loo0 

.1100 

.1m 

.1300 

.1400 

.1500 

.1m 

.051 6.52 1.751 2.471 -.14 
1.30 3.05 -.OS 
-.07 4.35 .26 
1.46 6.43 .61 
2.41 7.95 .63 
2.50 8.62 .62 
2.69 9.53 .67 
2.86 10.90 .76 

2.50 
1.00 
- .a6 
- .23 

.32 

16.39 
21.88 
30.13 
36.89 
42.08 
46.14 
49.69 

.21 

- .05 - .ll 
1.55 
3.45 
6.40 59.68 

55-03 d' 

L 

9.98 
I I II 



TABLE 1.- Continued 

C4LCUU\TED CAARACPERISTICS OF A R O M R  HAVING RECI'ANGUIAR 

BIADES W m  A LINEAR WIST OF -8' 

(b) IJ = 0.2 - Concluded 

- 
2.41 
3.67 
5.06 
5.90 
6.31 
6.10 
5.84 
5.54 
6.56 
7.87 
9.08 
9.81 
9.91 

10.27 
10.41 
10.71 
10.64 

9.05 0.33 0.03 4.14 :?I :::I ;:;; 
0.000076 

.@=755 

.@35350 

.007804 

.010055 

.Oll971 

.013690 

.014594 

.013g04 

.011938 

.Go8813 

.004928 

.000163 
- :006222 - .014019 
- .023495 
-.034631 

3.35 6.86 
4.34 6.99 
5.35 7.19 
6.37 7.45 

-0.307969 
-.300088 

- .282630 

- .263585 
-..2p2y+ 

- .1665?4 

-.291642 

- .T3053 

-. 230548 
- .a1595 

9.52 1.00 . 
6.79 1.23 
4.49 1.49 
2.74 1.80 
1.68 2.16 
1.78 2.52 

-.71 4.57 
-1.99 6.61 
-2.64 8.41 
-3.25 9.85 
-3.86 11.03 
-3.84 12.21 

-4.89 17.12 

.% 3.24 

-4.32 14.49 

-5.17 18.23 
-4.57 19.75 

T 
ch 
\D 
-I 

9.80 
10.64 
11.56 .411 .031 6.22 
12.56 7.59 7.6 

8.37 8.18 
9.33 8.99 

10.19 10.55 

13.54 
15.13 
17.85 
22.66 
29.24 
36.38 
42.21 

.0162531 .w42R?I 

11.6 12.ji 
12.05 15.28 
13.44 17.86 

.46 

.56 

.031085 1 .0191471 
- .125671 
-.082945 
- .039181 

15.12119.69 .$ -.27 10.79 
.62 -.25 10.66 
.26 -.io 10.62 
-.01 I 1  .10 10.68 

.12ool 1.41 47.15 
51.29 
54.70 
57-30 
59.52 

l j .24 2Q.G 
19.59 21.12 
22.04 20.37 

3.71 
.1400 7.11 

.&lo 15.88 
:q 11.23 

.0103651 

.062596 

.117796 

.I77113 
23.95 19.01 
24.681 18.94 

- 07 22 10.99 
:OBI :ml 11.11 
I I I  

34O 
__ 

5.02 
5.94 
6.62 
6.89 
6.25 
5.62 
5.29 
6.60 
8.38 
10.03 
11.63 
11.99 
12.53 
12.94 
13.47 
13.25 
11.98 

10.88 
11.59 
12.46 
13.51 
14.61 
16.44 
19.27 
23.62 
29.74 
35.89 
41.85 
47.03 
51.38 
55.30 
58.00 
62.19 
68.67 

-5.04 6.841 .77 24 -.e65421 .031249' .014692 .016557 
-5.621 8.941 1.021 :28/  -.2303101 .om1541 .oi96% .015498 

.0218?6 

.031826 

.0)7848 

.046%8 

.05846j - 

.072608 - 

.091530 - 

~, , 
.013696 
.010669 
.007257 
.002057 
.005403 
.@14381 
.026668 

.038572 

.042495 

.058228 

14.33 20.04 
16.18 21.34 
18.41 21.54 -5.49116.481 1.091 - 
21.05120.61 -6.0; 19.661 1.05 . 

-6.41 21.78 78 
-5.92118.041 :MI 23.25 18.38 

24.07 19.45 
m.95 29.44 
I 

3 8 O  00 - I I I 1 1  I 1 1 

8.57 
7.93 
7.02 
6.03 
5.25 
5.19 
6.45 
8.67 
11.m 
12.97 
14.42 
15.11 
15.98 

16.64 
15.00 
14.33 

16.77 

13.18 

14.44 
13.62 

6.23 1.60 0.24 0.00 -0.422765, 
4.82 1.83 - 20 01 - 417359 2.75i 2.211--:121 : 031  -:40am1 3.013425 0.010935 0.002489 

.015271I .0107501 .004521 

.018175 .010629 . ~ 7 5 4 6  

.oc€Q 3.99 

.0100 4.04 

.OJW 3.93 

.0400 3.49 

.ow0 2.90 

.0600 2.00 

.0700 1.25 

.0200 4.05 

0.44 0.00 9.85 
.5J .03 9.11 
.68 .08 8.09 
.87 .11 7.10 

1.09 .10 6.60 
1.28 .05 6.85 
1.34 -.lo 8.40 
1.37 -.24 10.98 
1.21 -.32 13.08 

.9 l  -.40 14.86 

.57 - . 33  15.67 

5.51 9.79 
6.02 10.05 
6.78 10.51 
7.69 11.24 
8.54 12.34 
9.54 13.66 

10.17 15.46 
11.14 17.61 
12.26 19.29 
13.73 m.65 
15.33 21.13 
17.25 21.34 
19.56 19.99 
22.09 16.96 
23.33 18.00 
21.66 22.56 
20.69 24.06 

15.76 
17 -75 
20.45 
24.67 
30.23 
35.79 
41.39 
45.74 
49.89 
53.m 
55.59 
62.61 
66.13 
65.99 

.G 2.86 .01 .O$ -.395889 
-1.84 3.89 .23 .14 -.379883 
-5.27 5.11 .47 .m - . j 6 ~ 6 9  
-4.82 7.18 .85 .25 -.332643 
-5.m 9.43 1.14 .25 - .a8205 
-5.65 11.71 1.28 .16 -261618 
-5.86 14.00 1.39 .05 -.223132 
-6.08 16.23 1.35 -.06 -.18512l 
-6.39 18.58 1.33 -.18 -.143773 
-6.74 21.92 1.17 -.17 -.091179 
-7.01 25.08 .85 .05 -.OB343 
-6.80 22.081 .82 .16 .069192 

.0348451 .016660/ .018185 

.oj8G6 .0%85) .olels,r 

.&772> .024%8 .01?:17 

.&LO31 .0307% .01;297 
.0800/ 1.m 
. O W  1.45 
.10Mi 2.74 
.1100 4.50 

.a9607 1 .0567171 .012890 
,151 -.le/ 16.18 

.12001 8.29 

.I300 14.06 

.14Wi 17.64 

.1500 17.11 .371 
:071 

14.91 
.59 - 01 13.90 

-4.57 9.61 .94 -.26 .153222 
-3.321 3.731 .971 -.Q .le02951 

.OB1666 .112379 - .0307i2 

.08:9381 .120827/ -.034889 1 .16W/ 16.77 
I.. 



4.43 
5.39 
6.41 
7.45 
8.38 
9.46 
a.69 
.2.05 
.3.% 
-5.11 
-6.81 
8.63 
’0.58 

4.30 .42 .04 5.64 
4.50 .45 .04 6.11 
4.85 .53 .05 6.07 
5.33 .66 .08 6.12 
5.84 .82 .13 6.54 
8.32 1.46 .20 5.59 
10.64 1.72 .12 6.21 
12.60 1.82 .06 6.75 
14.21 1.75 .00 7.26 
15.48 1.65 -.03 7.65 
16.52 1.52 -.06 7.87 
17.30 1.34 -.08 8.01 
17.78 1.10 -.11 8.06 

.oxo  

.O@O 

.0700 

.OM 

.0900 

.LO00 

.1100 

-.15 
-.oe 

.07 

. ~ 6  
-.84 
-1.74 
‘-2.30 

TABLE 1.- Continued 

CALCUIdTED CHARACTERISTICS OF A ROTOR HAVING RECTANGUIAR 

BIADES XIXI A LINEAF. TWIST OF -8’ 

I 1 1  I 1 1 1 1 I I . 
12.42 
8.18 
4.77 
2.32 
.93 
1.65 
1.74 
1.87 
2.09 
2.37 
2.32 
2.35 
2.85 
3.2e 
3.75 
4.20 
4.65 

-2.35 
-1.43 
- .47 
.55 
1.62 
2.68 
3.94 
5.25 
6.97 
8.92 
12.24 

20.07 
16.09 

+ cn ul 
I 
!J 

0.001 12.42 1.08 -0.33 0.00 0.00 -0.004445 0.001164 0.001367 -0.000203 :$I ::::I If1 .002390 .0094m/ .001106 .w9z71 .GO1344 .00115:/ - - . m o l  .OW3239 

-.17 .81 -.02 .016849 .000616 .001589 -.Coo775 

0000l -2 .20  
0100 -2.08 

O X O  
-1.95 

0500 -1.82 
:El 48::: 
.01 2.33 

.&ca -1.69 .02l .95 
,0500 -1.55 
,OEQO/ -1.41 
,0700 -1.29 

.02 1.66 

.031 1.78 

.03 1.92 
,08031 -1.14 .051 2.17 

,1000 -1.57 
,1100 .09001 -1.88 
,12001 -2.51 .13l 3.44 
,1300 -2.55 
.l400/ -2.67 
,1500 -2.60 

23.65 
26.97 
30.00 

. .  .wl 3.92 
.061 4.37 
.03 4.78 

16001-2-’6 32.71 .001 5.14 
i I I  I 

100 

I 
-0.06 
.go 

1.89 

0.07 0 01 15.77 
.13l :01l 11.08 

15.68 
11.01 
7.35 
4.76 
3.29 
3.97 
3.94 
3.97 
4.09 
3.58 
3 . B  
3 . 3  
4.50 
4.97 

5.83 
5.40 

6.25 

.oooo -1.50 
,0100 -1.38 
,0200 -1.25 

0.14 -0.02 -0.06 0.00 -0.0%479 0.001113 0.001495 -0.000382 
- .06 .36 - .07 .01 - .a7358 .001470 .001453 .orno17 

.02 .75 -.07 .01 -.a0129 .001676 .001427 .COO249 

.Oh 1.13 - .08 .01 - .032793 .mi723 . 001417 .000306 

.12 1.52 -.09 .01 -.025349 .001605 .00142j .000179 

.10 1.90 -.09 .01 -.01h291 .001248 .001400 -.03Ol52 

.16 2.31 -.11 .01 -.010151 .000841 ,001496 -.COO656 

.29 2.72 -.14 .01 -.001305 .oOo310 .oOl7O3 -.OOL393 

.% 3.07 -.13 -.01 .007402 -.000479 .0018& -.002362 

.22 3.99 -.W .06 .02i4% .GGOb31 .004497 -.004067 
-.16 5.08 .03 .16 .a6967 .002134 .008939 -.006805 
- .4? 6.19 .13 .28 .074036 .004476 .015359 - .010882 
-.24 6.95 .18 .34 .098927 .005M9 .or1038 -.015229 
-.08 7.65 .27 .38 .123785 .007080 .027090 -.020010 
.10 8.33 .38 .40 .149222 .008310 .035676 -.025366 
.29 9.01 .51 .40 .175595 .009534 .040940 -.031406 
.48 9.69 .6G .37 .202902 .010745 .0489jO -.038184 

1 
1 

.19 .02 7.42 

.24 .02 4.85 

4.02 

4.01 
1.64 .lj 4.74 
1.70 .oa 5.32 
1.67 .04 5.73 

1.47 -.03 6.45 
1.59 .00 6.08 

1.31 -.05 6.78 

2.90 
3.93 
4.86 

.0300 -1.12 

.04w -.98 

.ow0 -.a5 
,0600 -.[I 
,0700 -.57 
.Om0 -.42 
.0900 -.73 
.loo0 -1.31 
.1100 -2.10 
.1200 -2.43 
.1300 -2.62 
.1400 -2.66 

6.05 
7.44 
8.91 
11.84 
16.00 
21.34 
25.66 
29.42 
32.81 

0.10 7.54 

2.69 11.22 

5.62 13.70 

1.34 9.62 

4.11 12.56 

7.24 14.65 
9.00 15.41 

.15m -2.54 

.16001 -2.26 
55.93 
38.72 
I 

eo = 14’ 
~ 

-6.66 
-2.47 
9.19 
6.86 
5.51 
5.99 
5.93 
5.94 
6.10 
4.84 
5.21 
5.69 
6.32 
6.m 
7.16 
7.43 
7.58 
- 

2.15 
3.15 
4.16 
5.18 
6.22 
7.15 
8.32 
9.68 

0.571 5.171 0.181 0.021 16.99 .. 
1.52 5.45 .24 .03 12.72 

2.48 3.i21 4.0il 3.73 :d :%I 7::: 
.56 .66 
.61 1.05 
.65 1.44 
.68 1.84 
.68 2.20 
.68 2.64 
.67 3.12 

.002071 

.003070 

.003324 

.002650 
.000391 
.00101h 
.@I1469 
.001739 
.001813 
.001715 
.001360 
.OW729 

- .all042 
-.004277 
- .008113 

- ,090651 
- .oh3204 
- .0756h7 
-.068752 
- .060498 
-.Ob2790 
-.017811 
.010105 
.038274 

.001632 

.001601 

.001585 

.001519 

.001597 

.001812 

.001946 

.012832 

.018818 

.00%33 

.003312 

.CY33172 

.002675 

.006234 

.ma555 

.010706 

10.99 
15.86 
21.72 

.70 3.57 
-.69 5.11 
-.% 6.35 
-.97 7.35 
-,77 8.12 
- .58 &78 
- .35 9.49 
-.la 10.36 

26.97 
.12WI -2.55 31.61 

35.38 
38.74 

-.012577 
-.017440 -. 022860 
-.028978 
-.035881 

.012599 

.0~4226 

.015534 

.016863 

.018275 
41.91 
44.87 U’ 

U 

.I6001 -1.58 
1 1 1 
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TABLE 1.- Continued 

CALCULATED CHARAcfERISTICS OF A ROTOR HAVING RECTANGULAR 

BLADES W l T R  A LINEAR lWIW OF -8' 

( c )  P = 0.3 - Continued 

deg deg deg deg 

. 1300 

,0500 

-0.16 
- .03 
.10 
.23 
.36 
.47 
.63 .a 
.15 

-1.19 
-2.00 
-2.43 
-2.51 
-2.38 
-2.00 
-1.33 
-.32 

~ 

1-- 
0.41 

.>a 

.73 

.87 

.97 
1.03 
1.09 

.42 
-.55 

-1.60 
-2.19 
-2.35 
-2.18 
-1.75 
-1.10 

.10 
2.24 

~ 

0.99 
1.16 
1.30 
1.38 
1.39 
1.32 

.65 
-.18 

-1.13 
-1.85 

-1.89 
-1.47 
- .79 

.83 
3.28 
6.61 

-2.12 

4.33 
5.54 
6.58 
7.44 
8.51 
9.42 

10.67 
11.62 
14.37 
20.78 
27.38 
52.96 
57.L9 
41.30 

48.10 
44.75 

6.62 
7.53 
8.53 
9.60 

10.75 
11.70 
15.24 
15.31 
19.31 
26.64 
35.27 

43.26 
47.31 
51.01 

38.67 

%.62 
77.92 

8.69 
9.60 

10.63 
11.80 
13.10 
14.50 
16.73 
20.03 
2>.40 
32.55 
38.91 
44.18 
48.94 
53.37 
57.17 
60.64 
63.79 

1 

1.26 4.80 
2.22 5.07 
5.19 5.35 
4.17 5.64 
5.16 5.94 
6.00 6 .m 
7.16 6.54 
7.831 6.96 
4.10 8.47 

10.05 11.18 
Ll.35 13.61 

L4.5j 1i.k 
~6 .27  18.21 
L8.15 18.97 

__ ~ 

0.31 
3 6  
.42 
.48 
.s4 
.60 
.68 
.81 

1.30 
1.76 
1.87 
1.85 
1.73 
1.>5 
1.32 
1.07 
.eo 
- 

-1 

0.04 13.83 
.04 11.47 
.04 9.61 
.05 8.28 
.06 7.51 
.c6 7.30 
.08 7.81 
.11 7.Rl 
.21 7.77 
.12 7.97 
.02 8.50 -.a 9.00 

-.lo 9.47 
-.I3 9 . Y  
-.14 9.57 
-.12 9.56 

-.07 9.40 

:q ;:2 
.08 8.97 
.10 8.87 
.l> 9.02 
.18 9.10 
.13 9.80 

-.01 10.46 
-.09 11.02 
-.l3 11.30 
-.15/ 11.59 
-27 11.44 
-.18 11.38 
-.l3 11.14 
-.021 10.78 

90 

I I I I  
2.66 8.30 
3.60 8.50 
4.58 8.78 
5.59 9-17 
6.59 9.69 
7.54 10.35 
8.38 11.52 
9.25 12.98 

10.19 14.86 
11.43 17.26 
13.00 19.37 
14.78 20.77 
16.& 21.83 
1 9 . a  22.53 
21.68 22.38 
24.33 21.44 
27.15 19.66 

0.59 
.62 
.68 
.78 
.93 

1.15 
1.44 
1.74 
1.90 
1.97 
1.89 
1.59 
1.28 
1.02 

.64 

.I7 
-.41 

0.07 
-07 
.08 

. 13 

.18 
-17 
.11 

-.05 
-.16 
-.20 
- .22 
-.23 
-.22 
- .13 
- .01 

, .14 

.10 

12.62 
11.71 
10.89 
10.23 
9.85 
9.78 
10.22 
11.12 
12.43 
13.31 
13.55 
13.60 
13.71 
13.60 
13.33 
15.17 
13.16 

. ,  
7.08 -.09 4.74 
6.77 -1.35 6.42 
7.26 -1.67 7.72 
7.82 -1.69 8.71 
8.35 -1.41 9.41 
8.57 -1.12 10.16 
8.85 -1.08 ~1.26 

-0.17 ( 
-.18 
- . l9  
-.l9 
-.m 
-.m 
- .20 
-.l> 

.08 

.28 

.37 

.47 

.57 

.7O .ea 
1.09 
1.30 

).01 
.01 
.02 
.02 
.02 
.02 
.02 
.04 
-15 
.3l 
.39 
.44 
.45 
.42 
.34 
.25 
.14 

-0.157155 I 
- .14g143 
- .142211 
- .134561 
- .E6791 
- .1m1eQ 
-.lull1 
-.104301 
-.085961 
- .057709 - .025991 

.a35379 

.035558 

.065156 

.096164 

.le9691 
~ 6 5 8 1 7  

3.001928 ( 

.003012 

.003948 

. a 7 2 9  

.005347 

.005734 

.006001 

.006524 

.0084eQ 

.011937 

.014836 

.017317 

.019251 

.020ffi5 

.022702 

.024674 

.o26770 

1.002234 
.002117 
.corn21 
.001947 
.001897 
.001874 
.001815 

.004832 

.010527 

.002281 

.016719 

.023138 

.029474 

.OJj&O 

.043227 

.051711 

. d l 4 1 6  

-0.000505 
.COO895 
.001927 
.002782 
.003450 
.003860 
.004187 
.004243 
.003648 
.001409 

-.001882 
- .005821 
- .010223 
- .014975 
-.02052> 
- .027037 
-.034646 

I I I 

220 

9.99 
9.54 
9.13 
8.81 
8.59 
8.73 
8.58 
8.27 
8.44 
9.01 
3.50 
9.94 

10.36 
10.63 
10.67 
10.9 
10.37 

1.02 
1.26 
1.49 

.46 

. 21 

.11 

-.093620 .018337 .0148971 
-.060935 .021220 .OW70 
- .02@221 .023314 .02680[ 

.00yrl5 .025756 .033662 

.039>37 .028209 .d+1237 

.074693 .OJO383 .049298 

.ii2894 .032474 .058262 

.I53939 .034973 .068158 
C I  

0.000019 
.001486 
.002882 
.004162 
.005277 
.005996 
.006789 
.006042 

.003440 

- .007906 
- .01302e 
- . O l & l >  

- .033785 

.W5891 

.000250 
-.003493 

- .02578E 

26O 

10.41 
10.08 
9.76 
9.47 
9.23 
9.07 
9.08 
9.58 

10.76 
11.43 
11.80 
12.40 
12.69 
12.66 
12.64 
12.56 
12.40 

2.m 2.49 
1.60 3.07 

.78 3.74 
-.% 5.00 

2.83 8.46 
3.59 9 . B  

1.44 6.55 

3.17 10.98 
5.47 12.25 

-0.26 
- .28 
-.28 
-.26 
-.m 
- .11 
.m 
.52 
.77 
.82 
.ea 

1.00 

0.03 
.03 
.03 
.04 
.06 
.10 
.22 
.33 
.38 
.44 
.47 
.39 

.0039+71 .005626 
-.232109/ -.221774 .oiicijl .013067 

- .m6659 .015869 

.031382/ 1.00133? 

.066446 - .02518; 

.07865~1 -.033&E 

I cn 
\D 
4 

L 
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TABLE 1.- Continued 

CdLCULATED CHARAClWXSTICS OF A ROTOR HAVING RECTANGULAR 

BIADES WITH A LINEAR WIST OF -8' 

( c )  v s 0.5 - Concluded 

I I 

I I  I 1  1 1 1 

eo = 3o0 

I I I I  I I I  
.oooo 1.47 

. o m  1.76 

.OlWl 1.65 
10.79 3.59 10.18 0.74 0.08 16.27 
11.69 4.50 10.42 .10 14.18 
12.83 I 5.5AlO.A :E! .1A 12.11 

-.316203 
- .307598 
- 296851 - .284815 
- .269501 
-.25~165 
- .226324 

.002566 

. m a 2 5  

.007195 

.009103 

.010421 

.011030 

.010559 

.03 

.d+ 

.07 
e15 
.26 
.55 
.38 

.010362 

.012913 

.015828 

.Ole45 

.025190 

.021871 

.0300 1.71 

.&00 1.41 

. o m  -79 

.600 .01 

.0700 -.79 

. o m  -1.49 

.15m 1.69 . L ~ O O I  4.26 

i4.ei  L.52 11.38 1.06 .i5 10.80 
15.77 7.19 12.21 1.50 .18 10.65 
18.08 l l l i l  8.05 15.35 1.57 .15 11.36 
21.34 8.92 14.70 1.77 .07 12.56 
25.83 1 9.&/16.25I 1.871 -.Oh1 14.h  
31.70 10.95 18.13 1.97 -.21 15.55 
58.57 12.31 20.09 1.8'7 -.27 16.00 
44.03 113.9'5121.471 1.561 -.30\ 16.34 
49.46 i5.G 22.75 1.27 -.?l 16.W 

54.54 58.55 118.38/23.481 , FW .8J 22.99 .94 -45 - -.a61 .12 16.i9 16.14 
.141 -.0516671 .0394621 .cAi+ioi -.004244$/ 

.l5W 8.23 .1m1 12.80 
I I I I I I I  

34O 

12.24 0.96 2.07 -0.56 

e, 

12.93 I 4.15112.221 0.92 .m 1.94 
.0100 1.93 
. o m  1.79 
.0300 1.43 
.04m .81 
. O W  .14 
. 0 6 ~  -.57 
.0700 -1.12 
. O m  -1.14 
. o m  -.95 
.loo0 -.68 
.1100 .% 

2-37 
.15W 5.46 
.14W 9.W 
.1500 14.70 .lm( 18.01 

15.9i 5.0% 12.70 L.07 

17.02 6 . 9  14.22 1.46 
15.25 1 7.98/15.351 1.25 

10.67 1 -.zll 2.621 -.27 

9.67 -5.01 4.41 .11 
9.86 -1.57 3.58 -.l2 

.02 14.55 
-.14 16.08 
-.25 17.57 
-.% 18.75 
-.39 19.49 
-.40 19.51 
-.72 19.28 

57.33 111.75\20.78\ 1.72 
45.18 13.24 22.04 1.46 
48.72 115.09125.221 1.19 
55.80 17.28 25.75 .81 

62.10 22 48 21.63 -.39 

68.42 127.81115.981-1.28 
5-..in 12;:;2118.951 -.94 

.OO 19.29 

.181 19.40 

.si, E . b l  
75.31 129.04115.721 -.79 .071 19.84 

I I I 1  I I 1  I 

-4 0.000013 
I I 1 11 
.oooo 2.11 
.01001 1.72 
. o m  1.28 

0.012302( 
.012565 

14.98 
16.31 
18.11 .01302b 

.Ol3639 

.015801 
20.50 
23.81 
27.69 
51.90 
36.79 
42.17 
47.20 

.0300 .81 

.0400 .19 

. O m  -.40 

.06w -.71 

.0700 -.53 

.Om0 -.40 

.OW0 -.06 

.lo00 1.75 

.11OO 5.94 

.1m 6.42 

.U00 11.12 
A400 16.73 
-1500 20.55 
.1m 5.28 

.009680 

.011758 

.OX2998 

.013591 

.012"+9 

.011806 

.0m13 

.025269 

.029223 

.032618 

.a0287 

.047488 

.056093 

.091 -.2433041 .043062\ 
51-13 
55.48 
59.52 
61.85 
64.45 
71.95 
98.11 

-7.80121.091 2.02 I 
.004042 - .000816 

- .006968 
- .015726 
- .029680 
- .052916 

.0675801 

.082ilj 

.io2975 

.130318 
I 1 1 1 1 
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TABLE 1.- Cont inued  

C A L W T E X  CHARAC'IWISTICS OF A ROTOR HAVING RECTANGULAR 

BIADES WITH A LINEAR TWIST OF -8' 

(d)  Y = 0.35 

eo = 6' 1 
I , I l l  1 1 1 1 

,0100 -2.12 
.0200 ooool -2.21 -2.02 

-2.45 
-1.44 

-.36 

-0.87 -0.02 -0.06 -0.00 11.59 

:id :d :d ::I ::E 
0.001486 

.001451 

.001451 

.001489 
.001571 
.mi635 
.001871 
.002288 
.002845 
.005074 
.co9076 
.013814 
.OL8%1 
.024216 
.0~0066 

.a3666 

.036534 

0.98 
.47 

-.16 
- .23 

.03 

.22 

.40 

.60 

.53 

.17 
- .06 

.03 

.26 

.52 

.72 

.% 

.oa 

-0.41 
.02 
.45 
.89 

1.54 
1.76 
2.23 
2.721 
3 .19 
4 .00 
5.00 
5.97 
6.83 
7.57 
8.29 
9.05 
9.85 

-0.000277 
- .000312 
-.om494 
-.ooo844 
- .001380 

11.59 
7.94 
4.96 
2.75 
1.42 
1.91 
1.99 
2.12 
2.33 
2.33 
2.49 
2.85 
3.40 
3.94 
4.45 
4.91 
5.31 

0.00 
- .01 
- .02 
- .03 
- .04 
- .06 
- .09 
- .12 
-.16 
-.l3 
-.a 

.05 

.12 

.18 

.27 

.39 

.53 

0.00 -c . 00 . 00 
.OL 
.OL 
.01 
.01 
.01 
.01 
.O5 
.14 
.24 
.31 
.37 
.42 
.44 
.45 

T cn 
\o 
4 

.79 
2.02 
3.22 
4.68 
6.36 
8.21 

11.05 
14.76 
18.65 

1.861 .%I .161 .021 2.77 ,0300 -1.93 
,0400 -1.83 
,0500 -1.73 
,0600 -1.63 
,0700 -1.54 
.om -1.46 
.0900 -1.63 
.lo00 -2.08 
,1100 -2.55 
,1200 -2.93 
,1300 -3.17 
.1400 -3.31 

2.ek 
3.81 
4.84 
5.90 
6.96 
8.08 
9.23 

1.36 
1.59 
2.03 
2.56 
3.16 
4.44 
6.03 

1.45 
1.95 
2.05 
2.21 
2.46 
2.63 
3.00 

.24 

.31 

.40 

.52 

.66 
1.03 
1.38 

.02 

.03 

.04 

.06 

.08 

.17 

.20 

.ob83661 -.002040/ 
- .WS8511 
- .mb?2 
- .011023 
- .014660 10.401 7.571 1.671 .191 3.50 . i l l876 -.000847 

.152271 -.000057 

.152901 .000592 

.174207 .001228 

.196379 .001939 

.219419 .002732 

22.55 
26.04 
29.34 
32.45 
35.32 

- .018918 I 
- .023623 
-.028858 
- .054595 

.1600 -3.56 r - .@io935 I 
A I I l l  I 1 1 1 

LOO 

13.87 0.02 0.03 0.01 0.05 -0.057015 0.001124 0.001692 -0.000568 
10.43 - .08 .39 - .09 . O l  - .a9737 .001477 .001618 - .000140 
7.71 -.13 .78 -.16 -.02 - .a2407 .mi667 .001570 .000096 
5.72 -.12 1.19 -.21 -.04 -.035025 .00168e .001551 .OW137 

4.03 .a 2.11 -.22 -.03 -.020104 .001213 .001598 -.OOO385 
4.63 .22 2.60 - .16 .01 - .015193 .000628 .001581 - .000952 
4.50 .33 3.19 -.15 .03 -.003224 .OO027Y .002053 -.001773 
4.34 .41 3.77 - .18 .03 .007877 .000009 .002916 - .002907 
3.85 -.23 4.96 -.04 .16 .027508 .001880 .CO6823 -.004943 
3.93 -.58 6.09 .09 .27 .049038 .003597 .oil461 -.007864 
4.75 -.51 7.07 .16 .36 .072015 .oO4860 .016638 -.011779 

4.48 -.07 1.64 -a -.04 -.027590 .001538 .mi560 -.000022 

5 .37 - .28 7.92 .23 .42 .094674 .OW991 .022026 - .016035 
5.89 -.09 8.72 .33 .45 .UT995 .0071% .027912 -.020759 
6.34 .08 9.50 .47 .47 .I41680 .008279 .0342% -.026007 
6.74 .28 10.33 .65 .48 ~ 6 6 4 2 6  .009264 .d+1136 - .031873 
7.08 .50 11.20 .a2 -47 .192234 .OLOO~Z .04aea -.038406 

1 

00 
__ 
14.17 
10.53 
7.67 
5.60 
4.36 
3.94 
4.72 
4.70 
4.65 

4.81 
5.72 

4.48 

6.31 
6.78 
7.17 
7.51 
7.77 

.oooo r -1.81 -0.18 
1.05 
2.2 j  
3.49 
4.69 
5.89 
6.92 

10.90 
14.93 
19.38 
24.12 

8.70 

,0200 -1.25 
,0300 -1.06 
,0400 -.95 
.0500 -.91 
.&O -.97 

.0800 -.97 

.0700 -.97 

.08 

.08 

.06 

.09 

.17 

.22 

.21 

.14 

.O9 

.05 

.01 
- .02 
- .04 

,09001 -1.51 1.45 
1.77 
1.89 
1.93 
1.91 
1.83 
1.73 
1.60 

.Loo0 -2.25 

.1100 -2.77 

.12@ -3.07 

.13w -3.28 

.1400 -3.37 

.1500 -3.34 

.16m -5.17 

28.27 
32.01 
35.41 
38.6s 
41.54 

I I l l  

eo = 14O 

1 1 I 
2.25 
3.40 
4.56 

0.04 -60.87 
.04 -26.76 
.05 -2.30 

111.22 
60.68 
24.14 

,0100 
,0200 .Oawl 

-1.00 
-.90 
-.80 

0.25 
.32 
.40 
.48 
.55 
.62 
.76 

-.71 
- .62 
- .50 
- .43 
- .32 

-1.04 
-1.96 
-2.55 
-2.98 

5.i3 
6.80 
8.03 
9.49 

.ok 12.53 

.06 16.94 

.07i 7.25 

.10 7.03 

.14 7.18 

1.87 .0300 
.04w 
.0500 
.0600 
.0700 . 0800 
.OYOO 
.low 
.11w 
.1mo 
.1300 
.14w 
.l500 
. L a o  

-5.77 
7.04 
6.78 

LO. 59 
14.53 
19.55 
25.10 

6.90 
6.08 

6.34 
5.65 

, 
- .41 4.89 . .01 .16 - .03772'7 .004919 .005234 - .coo515 

-1.27 6.32 .20 .32 -.014482 .007473 .009927 -.0024% 
-1.16 7.38 .23 .39 .009808 .008934 .0145% -.005620 
-1.09 8.39 .32 .45 .03%76 .010888 .020308 -.0094m 
- .92 9.28 .43 .49 .0608@ .0125J+4 .026222 - .015678 
- .63 10.02 .57 .51 .os5895 .013895 .032256 - .018361 
-.36 10.89 .75 .50 .112018 .015012 .0386% - .025642 
-.lg 11.94 .95 .47 .139772 .016261 .a5883 -.029625 
- .16 13.21 1.m .39 .169252 .017708 .0%089 - .036381 

70.07 7.00 
-3.23 
-3.31 
-3.27 
-3.04 

54.42 
38.12 
41.53 
44.84 

.01 8.65 
-.02 -.051 9.22 8.98 

-.07 9.37 
-.11 9.43 

7.54 
7.95 
8.31 1.79 

1.67 8.59 
8.77 -2.59 48.03 1.381 

I I I 
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TABLE 1.- Continued 

CALCULATED CHARACI’ERISTICS OF A ROTOR HAVING RECTANGULAR 

BIADES WITB A LINEAR TdWIST OF -8’ 

( d )  ir = 0.35 - Continued 

I I I I I I  I I 

18’ 
__ 
33.42 
23.06 
15.13 
9.78 
7.16 
9.22 
8.87 
8.35 
8.04 
8.30 
8.82 
9.38 
9.83 
10.12 
10.35 
10.45 
10.40 
__ 
220 

17.99 
15.71 

11.72 
10.42 
10.25 
9.93 
10.01 
10.46 
11.07 
11.35 
11.81 
12.19 
12.45 
12.45 
12.25 
12.12 

- 

13.56 

__ 
26’ 
__ 
23.35 
19.29 
15.39 
12.31 
11.58 
11.23 
11.69 
12.51 
13 .L4 
13.66 
14.20 
14.64 
14.79 
1b.71 
14.71 
14.59 
14.17 

1 - 
0.41 
.48 
.56 .a 
.73 
.79 

1.m 
1.37 
1.85 
2.11 
2.11 
2.08 
1.98 
1.82 
1.59 
1.32 
1.04 
- 

- 
0.62 
.66 
.72 
.82 
.97 
1.18 
1.47 
1.81 
2.12 
2.18 
2.16 
2.04 
1.80 
;:; 
.92 
.40 
- 

4.59 
5.74 
6.92 
8.12 

1.20 5.52 
2.15 5.84 
3.11 6.17 
4.09 6.51 
5.07 6.87 
6.03 7.10 
7.08 7.77 
7.85 8.76 
8.81 10.91 
9.96 13 19 
-1.28 .2.85116!76 15 09 

4.53118.10 
.6.31119.ii 
.8.20 19.76 
LO.32120.21 

-0.22 
-.23 
-.24 
- .25 
-.26 
-.29 
-.21 
.01 
.27 
.35 
.45 
.56 
-71 
.89 
1.11 
1.37 
1.67 

.06 $1.14 

.08 10.19 

.07 15.81 

.0400/ -.03 9.34 .002960 
.003305 
.003538 

.09 7.43 

.10 9.52 

.23 9.11 

.18 9.34 

.i4 9.28 

-.12 11.22 
-.15 11.20 
-.14 11.14 

1.33 2.52 
1.42 2.89 
1.07 3.63 
.09 4.62 

1.55 6.28 
1.71 7.67 
2.02 8.88 
1.821 9.84 

.002202 

.001929 

.043883 

.052079 

.0611691 

:%?I .14 .07 

.0700 -.33 

.Ow0 -1.41 

_ _  
LO .43 
12.04 
13.61 
18.67 
25.06 
30.97 
36.07 

.m;ri32 I 
.00i$3 

- .000445 
-.OW553 
-so07353 
- .011624 
- .016289 
-.021658 

. O W  -2.24 

.lo001 -2.82 

.1100 -3.13 

.12w/ - 3 . z  40.51 
44.29 
47.85 
51.41 
54.93 

~. 
.1300 -3.15 

.1500 -2.29 

.km -2.82 
-,02,g24 
-.032210 j .i6001 -1.51 ’2.701 20.45 

L 

90 

.20/  11.01 

0.06 
.21 
.74 

7.07 
8.04 

-0.ooo304 
.001025 I .0000 

.0100 

.0200 

.OJW 

.0400 

.05W 

.om0 .oo 

.0700 -.89 

.om0 -1.79 

.ogw -2.59 

.lo00 -2.96 

.1100 -5.08 

. 1 m  -2.89 

.ijoo 3.53 

.i4001 -2.015 

1.95 7.59 
2.85 7.79 
3.81 8.07 
4.m 8.45 
5.79 8.95 
6.68 9.54 
7.68 10.51 
8.48 11.92 
9.45 13.88 
.0.66 16.20 

9.15 
10.38 
11.74 
12.98 

.41 

. J8  

.42 
.005389 I 

15.09 
18.15 
23.63 

.22 10.92 

.18 11.44 

.08 12.19 
-.06 12.75 
-.lo 13.09 
-.12 13.32 
-.15 13.38 
-.le 13.44 
-.l9 13.40 
-.17 13.12 
-.09 12.84 

30.94 
36.80 
41.89 
46.36 
50.56 

.W1306 

- .005267 
-.001585 

- .009514 
- .014552 

.2.14 18.07 

L5.72 20.64 
-3.88 19.60 

L7.75121.39 
54.18 
58.29 
62.07 

?O .Oil 21. ii 
!2.W 21.85 
3.21 21.02 

-1.6 
,98 

- I I 1 1 I I 

90 

9.26 
10.26 
11.46 
12.85 
14.21 
16.25 
19.18 
23.26 
29.63 
36.39 
42.22 
47.33 
52.30 
56.75 
60.72 
64.77 
69.20 

0.004507t 0.0048801 .M)ooI c.53 0.10 27.10 
.11 21.93 
.13 17.03 
.16 13.26 

-0.000373 
.001400 
.003263 
.CO5032 
.006387 
.007418 
.007567 
.007087 
.005315 
.00)192 
.om290 

- .003327 
- .007884 
- .01~025 
- .019053 
- .on6113 
-.034256 

.0100 .7i 

.OZOOl .83 

.OJW .a2 
2.01 2.38 -.37 
1.43 3.02 -.32 

.40 3.85 -.14 
-.77 4.98 .10 
-1.98 6.44 .43 
-2.80 8.08 .69 

.04001 .58 .21 12.72 
.22 12.65 
.16 13.53 

. i 3  

,051 14.53 
.oeool -2.25 -.li 15.50 

-.17 15.85 
-.21 15.95 

-3.98 9.99 .si 
-3.63 11.18 .94 
-5.85 12.65 1.08 
-3.34 14.00 1.21, 
-3.85 15.58 1.51 
-3.01 17.47 1.84 
-4.12 19.75 2.11 
-4.65 22.?2 2.51 

-.251 15.39 .45/ -.0701181 .029620 .om47 

.037494 .056547 

.040609 ,066722 

.042877 .077134 

.032223 .040107 

.034407 ,047451 
-.& 16.05 
-.23 15.87 
-.16 15.66 

-5.291 24.70 I 2.46 
I. I 1 1 I 
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TABLE 1.- Continued 

CALCUL4TED CHARAClTRISTICS OF A ROTOR HAVING RECTANGULAR 

-DES WITH A LINEAR W E T  OF -8O 

(d) p = 0.35 - Concluded 

I I I 

60 = 30' 

T m 
\o 
4 

33.87 
25.59 
18.21 
13.74 
14.99 
15.78 
16.99 
18.22 
18.82 
18.99 
19.13 
19 .OO 
18.86 
18.73 
18.68 
18.35 
18.30 
__ 

28.64 
22 .oo 
16 .oi 
12.24 
12.88 
13.41 
14.69 
15.67 
16.28 
17.08 
17.53 
17.40 
17.50 
17.68 
17.33 
17.38 
17.44 

11.55 
12.55 
13.86 
15.49 
17.47 

1.72 1.99 -0.42 C 
.81 2.48 -.38 
-.27 3.18 -.e8 
-1.51 4.12 -.09 
-2.88 5.36 .23 
-3.33 6.83 .55 
-4.48 8.63 .88 
-4.77 10.45 1.14 
-4.57 12.07 1.27 
-5.19 13.79 1.34 
-5.58 15.47 1.50 
-5.24 17.01 1.75 
-5.28 19.24 2.07 
-5.71 21.& 2.27 

3.39 11.73 
4.27 12.14 
5.24 12.69 
6.18 13.44 
6.99 14.41 
7.84 15.53 
8.71 16.78 
9.76 18.27 
L0.98 19.99 
L2.43 21.55 
L4.14 22.60 
~6.26 23.72 
L8.75 24.07 

23.98 21.85 
26.91 19.40 

21.20 23.27 

29.87 16.28 

1.02 
1.07 
1 .b3 
.73 
.15 

- .51 
-1.24 
-1.92 
-2.37 
-2.36 
-2.13 
-1.89 
-1.01 
.87 

3.05 
6.82 
11.48 

0000 

1100 
1200 
,1300 
,1400 
,1500 
,1600 

, .  
2O.2> 
24.16 
29.09 
35.14 
41.79 
47.20 
52.78 

- .02 
- .25 

-.33 

.006916 

- .mi657 
.004700 
.001905 

- .018127 
57.93 
61.93 
66.25 - .24 
70.32 
74.85 

60 = 34' 
~ 

29.22 
22.05 
16.66 
15.44 
15.79 
17.18 
18.22 
19.36 
20.64 
20.70 
20.62 
20.76 
21.07 
20.72 
20.84 
20.90 
21.13 

~ 

3 8 O  

1- I I I T 
-0.000621~ 
.OO2221 

0.091 -0.39597210.00)8913 I0.0095341 1.26 13.76 
.96 14.95 
.58 16.56 
.10 18.67 

- .45 21.50 
-1.05 25.14 

.004948 

.m7162 
.45! -.34252u 1 .021401,/ .0124891 .008916 

.009826 

.W9358 

.009800 
-1.66 29.39 
-1.89 34.40 
-1.78 40.27 

2.04 
1.79 
1.56 
1.27 -.43I 22.59 
.82 
.18 

- .52 

..39 22.72 
-.44 22.77 .006047/ -1.69 I 46.11 

.OO3578 
- .00006~ 

- .016760 
-.036588 

- .004919 
- .010378 
-.025012 

-1.30 51.68 
-.15 56.87 
1.88 61.35 
4.32 65.94 
8.26 69.58 

18.14 78.96 
13.25 74.03 

-.34 22.32 
-.19 22.29 
-.09 22.02 

25.?4 19.06 -1.21 .08 21.83 
28.60 15.54 -1.81 .16 21.81 
30.49 i l l 1  12.67 -2.01 -.Ol 22.63 

I I I I 

60 

I 

0.04 0.26 - T I  4 ~ 

42.49 
33.54 
26.22 
24.34 
24.62 
25.09 
25.91 
26.99 
27.02 
26.72 
26.42 
26.51 
26.29 
25.88 
25.85 
26.36 
32.55 

1 
31.27 
25.21 
20.61 

20.96 
21.54 
23.25 
24.55 
24.48 
24.40 
25 .OO 
24.93 
24.52 
24.89 
24.79 
24.89 
21.12 

20.46 

I I  I I  

16.14 
17.57 
19.63 
22.54 
26.07 
29.78 
33.96 
58.73 
44.34 
49.29 
53.59 
58.12 
62.36 
65.38 
69.12 
74.48 
76.18 

. o m  0.78 

.0300 -.44 

.a00 -.a 

.0100 . O _ l  .44 .03 
.0.000657 

.007685 

.ooma 

.010447 

.010602 

.009735 

.008861 

.007408 

.004957 

.001209 
- .003249 - .008549 
- m5757 - .025909 
-.042213 

.We246 

.GO5229 

4.65 17.38 1.66 0.15 
5.43 18.10 1.83 .14 
6.31 18.94 1.97 .09 
7.18 19.82 1.99 -.a 
8.11 20.87 2.01 -.la 
9.13 21.84 2.02 -.28 
10.16 22.52 1.79 -.38 
11.40 23.16 1.51 -.45 
12.99 24.03 1.32 -.52 
14.71 24.39 1.00 -.49 
16.65 23.82 .48 - 3 5  
18.91 22.95 -.15 - 2 3  
21.50 21.21 -.% -.l3 
24.15 18.25 -1.47 .10 
26.93 14.50 -2.07 .15 
29.08 10.95 -2.28 -.02 
25.06 4.62 -3.74 -1.79 

- .446679 
-.432119 
- .414197 
- .393855 
- .37JOO9 
- ,317124 

- .258399 - .223445 
- .185538 

- .289267 

- .lo4064 

.016277 

.029580 

.037348 

.042206 

.a7059 

.060322 

.065288 

.083352 

.014032 

.014382 

.015988 

.019133 

.023026 

.030664 
-034797 

.049674 

.057729 

.068871 

.081045 

.097285 
25565 

-9.85 14.15 

-8.60 18.58 
-7.98 20.70 2.391 .I41 
-8.39 23.09 
-8.41 25.81 

-9.74 16.65 

-8.16 28.53 
-8.57 50.81 2.231 -.021 
-8.36 32.64 
-8.47 32.78 
-7.18 22.51 

1.?9 .351 
2.041 .24, 
2.22 .19l .O&Ol -1.09 

2.38 -.01/ 
2.52 -.io 
2.58 -.12/ .1m1 5.50 .~ 

.1300 9.74 

.1400 14.88 

.1wo 20.39 

Y 
1.71 1.011 .12 .i9) 

-4.26 -2.75 

- .057013 
-.OOO9% 
.032836 .16WI 30.30 

1 
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v 

9 a ( l . O ) ( ~ o ) ~  a(l.0)(2700)J aO* al' a2' a3r 
9 deg deg deg deg deg deg 
- iii a:; b'' bl' b37 A, cp CP,, CP - CP,, 

(ref.  7 )  (ref. 5) deg deg deg deg deg 0 0 7 

. o m  

.0300 

.&00 

. o m  

. o m  

.0700 

.om0 

. O W  

-2.09 
-2.02 
-1.95 
-1.88 
-1.83 
-1.76 
-1.83 
-2.09 

.ooW 

.0100 

. o m  

.0300 

.&00 

.om 

.0600 

. O W 2  

. O m  

-1.69 
-1.61 
-1.54 
-1.47 
-1.41 
-1.34 
-1.24 
-1.30 
-1.66 

. 
TABLE 1.- Continues 

CALCULATED CHARACPERISTICS OF A ROTOR IIAVING HELTAXGXAF 

UDES WITH A LINEAR WISP OF -8' 

( e )  M = 0.40 

1 eo = 6' 

I I I I  I I 1 1 
-2.61 
-1.44 
-.21 
1.09 
2.36 
3.86 
5.55 
7.32 
9.89 

13.10 
17.02 
21.09 
24.88 
28.45 
31.81 
34.94 
37.78 

.0000 2.22 

.01001 12.15 
-0.93 -0.05 -0.08 -0.01 12.15 
-.& .28 .01 .00 7.18 

.@ .64 .10 .01 3.55 
1.80 1.01 .x) .02 1.38 
2.71 1.36 .29 .03 2.26 
5.69 1.81 .40 .05 2.17 
4.69 2.33 .53 .06 2.22 
5.68 2.86 .66 .08 2.49 
6.79 3.83 .92 .14 2.65 
7.81 5.19 1.32 .22 2.79 
8.92 6.73 1.64 .23 3.31 

10.08 8.18 1.84 .m 4.10 
11.30 9.49 1.97 .17 4.77 
12.60 10.68 2.04 .14 5.35 
13.97 11.74 -2.06 .11 5.86 
15.43 12.67 2.02 .07 6.30 
16.99 13.43 1.91 .02 6.65 

ci 

.loool -2.66 2.66 I -.011 5.651 -.021 .211 .0906581-.001289~ .0100921 -.0113811 

.11W -3.05 

.1m/ -3.38 

.i3m -3.62 

.1400 -3.81 

.16W -4.01 
.l"ol -3.95 

100 

I I l l  1 I 1 1 

0.12 12.71 
10.26 
8.15 
6.46 
5.27 
4.66 
5.22 
5.01 
4.33 
4.41 
4.78 
5.50 
6.08 
6.69 
7.17 
?.?? 
7.93 

3.021 -0.04 I -0.101 0.01 I -0 .ox3574 I 0.001274 I0.001943l -0.000669/ 
1.22 
2.40 
3.68 
5.06 
6.55 
7.82 

10.19 

.& 10.39 

.04 8.28 

.05 6.60 

.06 5.42 

.08 4.84 

.10 5.41 

.15 5.32 

.24 4.9 

.2j  5.26 

.x) 5.80 

.16 6.59 

- .00032L 
- .coo123 
- .000092 

-.Oil 1.931 -.15/ .021 -.031026 .0014531 .0017101 - .COO257 I 
- .000&6 
- .001ego 
- .002222 

13 .?8 
17.74 
22.21 
26.74 
30.83 
54.58 
57 :96 
41.26 

- .003485 I 

:El I::% 
.1100 -3.27 

-.52 5.76 .00' .2s1 .027389 .a32623 .008+02 
- .63 6.85 .lo .35 .047006 .003832 .OX396 
-.46 7.83 .i8 .43 .067853 .004874 .017425 
- .35 8.80 .28 .49 .OS8934 .CY25972 .022683 
-.17 9.72 A1 .53 .110537 .007055 .028467 

.08 10.57 .56 .56 .132533 .008032 .034633 . 32 11.52 .7? .58 .t55778 .008899 .041256 

.%112.571 .yo1 .571 .-80qi1 .m9629 .&83% 

- .035779 
- .008(64 
- .012552 
- .016711 
- .021413 
- .026601 
- .OX357 
- .03@25 

.111 7.19 

.07 7.7i 

.03I 8.16 

.m 8.53 
-.031 8.79 44.41 

14' 

1 
-1.15 
-1.09 

2.33 
3.61 

33.09 
23.23 
15.50 
10.02 
6.91 
8.50 
8.02 
7.06 
6.77 
6.93 
7.48 
8.04 
8.69 
9.08 
9.59 
9.63 
9.85 

~ 

0.06 33.86 .061 23.82 
0.93 0.34 -0.19 0.02 -0.113659 0.001330 0.002303 -0.000973 

.11 1.34 -.21 .03 -.099435 .002527 .W21% .000372 
- .)jl - .20/ .02/ - .106607/ . ~ x ) 1 2 1  .w~zm/ -.m208/ 

.0200 

.03Wl .0400 
-1.02 
-.95 -.ea 

i .92 
6.25 
7.61 
8.48 

10.48 
13.19 
17.78 

.07 15.95 

.08 10.37 

.10 7.2% 

.LO 8.76 

.14 8.35 

.25 7.81 

.24 7.92 

.19 8.31 

.13 8.84 

.07 9.39 

.01 9.96 
-.01 10.28 

.45 1.85 

.66 2.37 

.78 2.70 

.65 3.47 
-.30 4.58 
1.14 5.95 
1.55 7.23 

.o j  

.05 

.01 

.& 

.16 

.30 

.42 

_ _  _ _  
-.092143 
-.084731 
-.079818 
-A69289 
- .055652 
- .056691 
- .015593 

.co2ffi6j 

.003013 

.002558 

.004161 

.002769 

.006059 

-.23 
- .24 
- .28 
-.25 
-.08 
.10 
.23 

.05001 - .72 

.okoo 

. O ~ C Q  . o m  
-.75 

-l.x) 
-2.00 

. o m 1  -2.73 22.92 
28.22 
32.91 
37.14 
40.85 
44.35 
47.79 
51.31 

-3 .x, 
-3.58 
-3.81 

. 1000 

.no0  

. 1 m  

.1300 

.1400 

.Am 

.t500 

-3.90 _ _  
-3.91 
-3.78 
=3.43 

-.03 10.49 
-.07 10.60 
-.io 10.68 

-.38l12.201 .891 .601 .100522/ .0144471 .0388911 -.024444/ 

I 
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TABLE 1.- Continued 

CALCULATED CHARACTERISTICS OF A ROTOR HAVING R E C U J O W  

BLADES W I T H  A LINEAR TWIST OF -8' 

( e )  p = 0.40 - Continued 

eo = 18O 

1 

\D 
4 

5.03 
6.13 
7-35 
8.68 
10.12 
11.26 
13.19 

21.73 
18.55 
15.52 
12.87 
10.85 
9.90 
9.85 
9.45 
9.47 
9.93 

10.36 
10.75 
11.21 
11.56 
11.80 
11.88 
11.78 

220 

__ 

1.002477 C 
.002973 
.w3544 
.CQ4191 
.004918 
.005519 
.006595 
.008856 
.010498 
.013007 
.015038 
.016535 
.01t%30 
.019774 
.021637 
.0235J+4 ! .02Y+m 

-0. Coo797 
.000099 
.000956 

1.22 6.41 
2.09 6.62 
3.02 6.91 
3.98 7.28 
4.96 7.76 
5.68 8.21 

7.65 10.68 
8.67 12.66 
9.84 14.59 
1.21 16.24 
2.75 17.61 
4.46 18.83 
6.26 19.71 
8.21 20.31 
'0.37 20.63 
'2.75 20.62 

6.81 9.11 

0.60 0.10 22.95 
.63 .lo 1 9 . 9  
.70 .10 16.31 
.80 .11 13.51 
.95 .14 11.43 

1.10 .17 10.51 

1.86 .23 10.75 
2.22 .18 11.13 
2.33 .08 11.56 

2.32 -.O4 12.34 

1.43 .25 10.70 

2.36 .M) 11.96 

2.22 -.05 12.66 
2.06 -.OB 12.80 
1.84 -.11 12.84 
1.56 -.i> 12.& 
1.19 -.le 12.79 

-0.24 0.05 
-.28 .04 
- . 3 2  .03 
- .32  .04 
-.30 .06 
-.25 .08 
-.12 .16 

-0.167172 c 
-.161j47 
- e  154739 
-.147350 
-.139178 
- .132527 
-.im689 

0.21 0.94 
.61 1.31 
.92 1.74 

1.09 2.26 
1.06 2.87 
.88 3.40 
.16 4.39 

-1.47 5.89 
-1.83 7.35 
-2.35 8.78 
-2.42 10.00 

, .W3274 

.002588 

.CY32475 

.002915 

.002608 

.003892 

.006895 

.015189 

.020237 

.025227 

.030952 

.OX385 

.a4552 

.052503 

.COW -0.73 

.0100 -.&I 

.0200 -.49 

.0300 -.42 

.0400 -A1 

.0500 -.45 

. O m  -.62 

.0700 -1.49 

. o m  -2.32 

. o m  -3.02 

.loo0 -3.49 

.1100 -3.73 

.1200 -3.83 

.1300 -3.76 

.1400 -3.53 

.1500 -3.12 

.la0 -2.50 

12.79 
22.41 
28.66 

.18 .32 

:E I :;I - .lo4055 
- .082624 

-.032790 
- .00&72 

.017730 

.044532 

-.057563 

.mi960 

.0003w - .002182 
- .005199 34.17 

38.94 
43.32 
47.30 

.56 .57 

.68 .60 

.85 .62 
1.08 .60 
1.35 .% 
1.67 A7 
2.05 .37 

-2.03 11.01 
-1.63 11.99 I -1.ii2113.ziI 

- .We691 I 
- .012922 

- .022915 
- .028958 
-.035812 

- .017611 
5 i . h  
54.86 
58.51 

.072495 

.lo1915 

.I32793 
I 1 

I 
.oooo -0.28 

. o m  .01 

.Olrn1 -.11 
7 . 3 6  
8.47 
9.76 

11.23 
12.82 
14.39 
16.84 

30.66 
25-05 
19.51 
14.80 
11.80 
12.07 
11.94 
12.14 
12.61 
13.02 
13.19 
13.60 
13.97 
14.22 
14.16 
14.01 
13.78 

-1.001 1.381-0.32 -0.000952/ 
.Coo323 

1.89 8.55 
2.77 8.78 
3.75 9.11 
4.75 9.58 
5.72 10.22 
6.53 11.08 
7.36 12.16 

9.33 15.66 

.z.i8 19.12 
3.89 20.43 
-5.77 21.39 
-7.83 21.98 
a.16 22.26 

8.32 13.74 

.0.62 17.57 

0.79 0.12 33.35 
.84 .13 27.05 
.93 .14 20.88 

1.07 .17 15.71 
1.28 .20 12.58 
1.58 .25 13.30 
1.89 .24 15.57 
2.20 .16 14.07 
2.39 .03 14.55 
2.42 -.07 15.00 
2.40 -.lo 15.15 
2.25 -.12 15.26 
2.04 -.15 15.36 
1.77 -.l7 15.45 
1.46 -.20 15.37 
1.03 -.20 15.11 
.44 -.17 14.64 

.001&6 

.002&32 

.003872 
.006302 

.oil336 

.009483 

.Ole537 

.019943 

.024553 

.027204 

.028977 

.00%20 

.003908 

.007005 

.010024 

.014156 

.019211 

.023362 

.029061 

.035836 

.04%% 

.OW@+ 

.068160 

.05a951 

.0300 .04 

.0400 -.w 

.0500 -.45 

.0600 -1.w 

.0700 -1.9 

. o m  -2.74 

.ow0 -3.32 

.loo0 -5.59 

.1100 -3.66 

.0044101 

.004331 

.co392 

.001805 
- .Coo674 
- .003420 
- .006994 
- .011283 
- .016282 
- .021777 
-.028036 
-.035133 

21.25 
27.6 
34.27 
39.79 
44.86 
49.55 
53.85 
58.03 
62.31 
66.63 
I 

~ 

36.66 

a . 9 2  
15.13 
14.53 
14.14 
14.60 

15.84 

28.61 

15.56 

16.01 
16.53 
16.80 
16.86 
16.79 
16.68 
16.62 
16.21 

- 

0.98 
1.11 
1.28 
1.48 
1.73 
1.98 
2.21 
2.31 
2.46 
2.42 
2.22 
1-95 
1.69 
1.31 

.77 

.06 
- .79 
- 

0.13 40.25 
.18 31.29 

9.71 
10.80 
12.16 
13.78 
15.53 
18.01 

.io .21 52.& 
.24 16.56 

.21 16.20 

.13 16.76 

- . ig  18.31 

.24 16.35 

-.04 17.69 
-.14 18.32 

-.22 18.32 
-.24 18.34 
-.25 18.37 
-.26 18.25 

.23 2.87 -A0 

-1.73 4.89 .03 

-2.93 7.63 .56 
-4.36 9.57 8 7  

-.36 3.72 -.27 

-2.61 6.18 .3l 

-4.45 11.21 1.03 
-4.11 12.51 1.09 

21.43 

33.17 
39.81 
45.32 
50.60 
55.64 
60.37 
64.71 
69.39 
75.35 

26.54 

.loo01 -7.34 -4.45114.201 1.29 . .  

-.23 17.97 
-.16 17.73 
-.11 17.30 
L I I 1 1 1 



. 

31.37 3.60 -0.23 
21.15 4.61 .a 
12.84 5.83 .33 
-8.96 7.27 .62 
-9.70 8.91 .92 
-8.87 10.75 1.27 
-7.52 12.55 1.55 
-7.98 14.91 i.79 
-8.11 16.97 1.95 
-7.54 18.70 2.15 
-7.12 20.59 2.41 
-7.48 23.13 2.61 
-7.42 25.57 2.83 
-7 .39 28.06 3 .OO 
-7.71 30.23 2.80 
-8.21 32.06 2.35 
-8.7?,33 .14 , 1.72 

27 

0.22 -0.407839 0.010109 0.011520 -0.001411 
.33 - ~97536 .012285 .0113% .oo0@5 
.43 -.384949 .014945 .011747 .003l?g 
.49 -.370087 .0180@ .012896 .W5192 
.49 -.35292 .021497 .014947 .CC6550 
.53 -.333699 .02429+ .017181 .007113 
.55 -.mi56 .026357 .019142 .007215 
.47 -.285806 .03005g .023868 .006191 
.40 -.e56730 .033369 .ov8694 .004675 
.37 -.228518 .035496 .032468 .003ow 
.32 -.198045 .03783l .037108 .000722 
.20 -.I61706 .042374 .045594 -.003019 
.08 -.126322 .a6267 .053479 -.007212 
.01 - .OB252 .Ob9717 .061774 - .012057 
.03 -.053357 .054378 .072180 -.017802 
.Og -.011925 .059160 .084303 -.025143 
.i9 .039174 .061895 .ow65 -.034570 

0.45 
.46 
.48 
.50 
.54 

-0.476810 0.011356 0.013831 -0.002476 
-.461189 .Ol586O .01938 .C#+22 
-.444452 .019855 .016954 .0029o1 
-.426640 .023124 .018323 .004802 
-.407842 .025514 .019314 .006200 

TABLE 1.- Continued 

CALCUIATED CIuLKALXZ3iZ’:CS O? P R(IPOR IlAViNG RECTANGUIAR 

BIADES WITA A LINEAR WIST OF -8’ 

( e )  p = 0.40 - Concluded 

I I 1 1 

11.94 
13.16 
14.71 

43.93 
33.16 
24.61 
19.66 
20.07 
20.27 
21.06 
21.93 
21.94 
21.91 
21.85 
21.66 
21.45 
21.21 
20.83 
20.62 
23.52 

38.97 
29.19 
21.41 
16.93 
17.31 
17.82 
18.47 
1.8.95 
19.57 
19.95 
20.05 
19.87 
19.83 
19.96 
19.53 
i9.44 
19.41 

-5.661 2.271-0.54 1.27 0.19 
1.48 .22 
1.68 .23 
1.B .22 
2.09 .17 
2.20 .05 
2.29 -.09 
2.42 -.20 
2.31 -.28 
2.11 -.33 
1.82 -.36 
1.55 -e35 
1.09 -.32 
.47 -.22 

-5.41 3.14 -.%4 
-5.14 4.14 -.11 
-4.86 I 5.27 ‘ I  .14 16.64 

19 .oi 
22.31 
26.60 
31.87 
38.68 
44.81 
50.30 

-4.551 6.541 .41 

,06001 -2.14 
.0700 -2.78 

-2.94 
.ogoo -2.91 

.58l -.2127321 .02669’11 .0225651 .004127 1 
-.163$n( .oai%l . o a i 4 /  .wo491 
-.1>3039 .032671 .033321 -.000651, 

.39 -.la>- .03L%5 .OX9091 -.004228 
.lo001 -2.72 
.11w -2.50 
.1xK,1 -1.65 
.15Wa .09 

56. i4 

65.75 

76.50 
83.68 

61.9 

71.01 .1400 2.07 .lwol 5.43 
A600 9.95 

A’ -7.46 30 32 2.48 1 ’ .  I .Ill .&2211 .0527821 .087008! -.034226 
I I 1 1 

00 = 34O 
- 
41.90 

25.15 
21.53 
22.22 
22.58 
22.>9 
23.74 
24.14 
25.72 
25.32 
23.71 
23.46 
23.08 
23.04 
23 .04 
2.74 

32.69 

I I I 1  I 1 1 

0.34 -.a 
- .47 
- .9+ 
-1.44 
-2.00 
-2.39 
-2.44 
-2.36 
-2.26 
-1.87 
-.w 
1.05 
3.27 
6.76 
11.45 
17.19 

14.30 
15.61 
17.47 
m.02 
23.31 
27.11 
31.40 
36.68 
42.99 
49.01 
54.68 
59.78 
64.97 
70.61 

94.28 

1 5 3  
w.00 

.0000 

.01w 

.0200 

.03m 

.0400 

.ow0 

.0600 

.0700 
. O b  
.0900 . loo0 
.11w 
. 1 m  
.1300 
.lw?l 
.I500 
.1600 I 

I I I 1  1- 

1 
58.49 
45.95 
57-18 
33.75 
32.29 
31.61 
31.33 

0.10 
.48 
.85 
1.21 

.ooo0 -0.01 

.01001 -.50 

.om0 -.98 

16.19 
18.30 

48.56 
39.21 
32.53 
29.65 
28.08 
28.28 
28.83 
28.59 
28.03 
28.10 
28.47 
27.60 
27.21 
27.52 
26.80 
29.05 
41.95 

20.85 
23.90 
27.35 
31.13 

:zI 1::; 
.05W -2.01 

1.57 
1.86 
2.06 
2.33 
2.58 
2.65 
2.71 
2.93 
3.00 
2.63 
2.09 
3.01 

.06001 -1.83 35.53 
40.40 
46.12 
51.20 

31.23 
30.84 
30.08 
29.84 
29.46 

.261 -.107480 I .037933 I .0324401 .00%93 

.loo01 .% 55.98 
61.12 
66.42 
70.37 

.1100 2.25 

.1m 4.60 

.1300 8.35 

.1400 12.85 

.i%o . 17.76 

.1600 14.76 

28.78 
28.63 
28.23 i6.9i 

91.67 
118.88 

26.75 
22.71 9.93 

I I 1 1 I 
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%J, 
deg 

cp CP,O CP - cp,o 81, 9, a>, *', b', bl, be, bj, h, 
deg deg deg (ref. 7) (ref. 5) deg deg deg deg deg 7 7 7 

deg deg 

.0300 

.0400 

.0500 

.o& 

.0700 

. o m  

.0900 

.1W 

-1.63 
-1.58 
-1.47 
-1.50 
-1.74 
-2.20 
-2.88 
-3.36 

.LEO 

.lam 

.1300 

.1400 

.1m 

.1600 

. .  
-5.72 
-4.02 
-4.25 
-4.40 
-4.47 
-4.46 

TABLE 1.- Continued 

CALCULATED cAI\RpClERIsTICS OF A ROTOR HAVING RECTANGULAR 

BIADES WITH A LINEAR TWIST OF -8' 

I I D 

% "( 1.0)( 90') "( 1 .O)( 270°)' 
7 I deg 1 deg 

.0.006955 0.001198 0.001730 1 -.ooO363 .mi216 .001725 

I I I I  
-2.88 
-1.53 
-.11 
1.37 
2.81 
4.51 

8.56 
11.54 
15.23 
19.31 
23.27 
27.16 

37.36 

6.48 

30.80 
34.11 

40.54 

30.24 
66.85 
m.02 
-8.68 
17.71 

2.33 
2.29 
2.49 
2.50 
2.38 
2.93 
3.51 
4.22 
4.87 
5.49 
6.03 
6.47 

3.ooOo1 -2.22 1.01 -0.11 -0.11 -0.01 -10.82 -:;:I :;;I ::I :d -E 
-0.ooO533 
- .ooO508 
- .ooO660 
- .001003 
- .0O1503 

1.681 1.091 .241 .031 4.02 
.0'4001 -2.07 
.0500 -2.02 
. o m  -2.00 

.0700! .080c -1.97 -2.12 

.OW0 -2.52 

.lo30 -2.99 

.1100/ -3.40 

.1200 -3.72 

-.12 

- .11 
-.02 

.39 

5.451 3.251 .851 .i31 2.69 
6.53 4.G 1.16 2.85 
7.51 8.54 5.81 1.57 l.il ::a - .006335 I 

.071628/ -.0013841 .W71641 -.00t%8 I 
- .01172l - .015560 
- .019629 

.140843/ .ooO66?1 .0249631 -.024JOo 
- . o w  56 
-.035070 

.07 6.15 

.03 7.16 

.18 8.08 

.33 9.04 

.52 10.01 

.72 11.00 

.94 12.00 

9.731 8.561 2.041 .221 4.40 
0.94 9.81 2.17 .20 5116 

2.23 3.581ii.m1 10.94 2.24 2.231 5.84 6.45 
.1300l -4.00 
. 1 h  -4.25 
.1300 -4.40 
. 1 6 ~  -4.49 

5.04ll2.771 2.231 5.36 
6.63 1-5.55 2.16 7.38 

00 

- .0411711 
I 

100 

) .COX -1.75 
.01001 -1.71 
. o m  -1.67 

-0.18 
1.22 
2.69 

41.81 
27.02 
15.46 
7.38 
3.06 
6.12 
5.90 
5.54 
5.58 
6.13 
6.78 
7.39 
8.01 
8.54 

9.36 
9.64 

8.99 

-0.001014 - .OW573 I 
- -000335 
- .030309 - .oo0516 
-.WlOl5 
-.mi684 
- .I202578 
-.004175 
- .006638 
- .00970O 
-.013248 
- .017411 
- .021997 
- .c27026 
- .032633 
- .038861 

1.002137 
.002025 
.001949 
.0O1914 

26.79 
15.24 

4.99 

6.14 
6.B 
7.39 
7.85 
8.27 
8.61 

4.22 
5.81 
7.12 

-.0412151 .001605 
.001405 
.000682 

- .03392i 

- .018384 
-.02m26 -.23 .01 

-.24 .03 
-.18 .10 
-.08 .21 

.07 .36 

.15 .45 

.25 .53 

.% .57 

.48 .61 

.65 .65 

. f f i  .68 
1.12 .69 

9.33 
12.09 
15.78 
20.30 

-.006718/ 
7.25 7.58 
8.22 9.17 
9.36 10.63 
0.58 11.95 
1.90 13.11 
3.31 14.16 
4.81 15.07 
6.47 15.87 
8.31 16.52 

24.89 
29.19 
33.28 
37.09 
40.50 
43.96 
47 .39 

.o6ZU671 

.08161j 

.lo1571 

.121728 

I I I 

-1.29 
-1.25 
-1.21 
-1.16 
-1.13 
-1.01 
-1.25 
-1.92 
-2.69 
-3.25 
-3.70 
-4.04 
-4.27 
-4.38 
-4.88 
-4.06 
5.33 

2.31 
3.77 
5.27 

0.39 0.07 :;:I :d -1% 93 0.36 -0 23 
-78:76/ -:24/ 0.031 -0.118464~0.001252~0.002689~ -0.001437 I 0.37 4.52 

1.29 4.93 
2.22 5.55 
3.17 5.78 
3.80 6.06 
5.06 6.5) 
6.11 7.55 
6.88 9.16 

:%I .04 -23.16 10.861 1.48 2.051 -.26 -.271 

20.94 2.43 -.28 .04/ -.0924351 .CY228051 .002433/ .oo03721 
6.79 
7.m 

.% .12 

.85 .I3 
1.00 .16 
1.33 .21 
1.86 .30 
2.20 .25 
2.40 .ZU 
2.51 .15 

, ~~ 

9.69 
12.27 
15.67 

.6~/ 3.121 -.?A .03 
2 2  4.121 -.23 

-1.02 5.431 .oo 
-1.62 6.78 .16 
-1.57 8.00 .26 
-1.52 9.17 .36 
-1.48 10.26 .47 
-1.22 11.31 .62 
-.7> 12.27 .80 
-.27 13.61 1.15 
-.36 14.51 1.A 
-5.06 6.93 -1.58 

. .  
20.75 .421 
25.99 
30.96 

39.92 
43.69 
46.07 

35.65 

-.019XILI .W7573 .01275C, -.Oc:17? I 
.0010% .008333 .017063 -.0O8136 
.021929 .010739 .022-!6 -.0116-: 
.043298 .012019 .027736 -.015717 

1.561 15.20 I 2.491 .07/ 

-.21 '4 51.42 
61.59 
I I I 1  

Y 
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-0.47 
.01 
.30 
.20 

-.51 
-2.03 
-2.15 
-3.56 
-4.11 
-3.66 
-5.29 
-3.10 
-2.98 
-2.89 
-2.72 
-2.75 
-3.05 

1.48 -0.44 
1.92 -.48 
2.52 -.48 
3.31 -.40 
4.32 -.21 
5.58 .11 
6.81 .33 
8.66 .57 

10.32 .76 
11.60 .e7 
12.89 1.02 
14.17 1.21 
15.71 1.48 
17.45 1.84 
19.28 2.26 
21.30 2.67 
27.5; 5.08 

-0.62 
-2.16 
3.86 

!o.i8 

-5.73 
.7.81 

18.68 2.67 
20.05 2.63 
21.07 2.46 

22.37 1.61 

21.84 2.24 
22.29 1.96 

-.06 
-.09 
-.12 
-.15 
-.18 
-.23 

17.09 
17.15 
17.10 
17.16 
17.27 
17.19 

.om0 

.ow0 

.loo0 

.1100 

.12m 

.1300 

.1400 

.1500 

.1600 

-3.71 
-3.86 
-3 .84  
-3.67 
-3.47 
-2.96 
-1.72 

.20 
2.66 

13.31 
15.13 
17.33 
19.81 
22.36 
25.15 
28.37 

22.64 2.59 
23.19 2.11 
23.71 1.85 
23.63 1.42 
22.79 .82 
21.21 .03 
18.93 -.95 

. 
TABLE 1.- Continued 

WCULRTED CHARACTERISTICS OF A ROTOR HAVING R E C T A N G W  

BLUES W I T H  A LINEAR WrST OF -8' 

(f) w = 0.45 - Continued 

eo = i8O 

0.64 0.11 -13.40 114.86 
.0100 iJ .0300 

.ow0 

.1100 

.1m 

.1300 ::%I . 1 h  

- 
4.79 
6.30 
7.83 
9.40 

10.73 
12.78 
14.93 
19.81 
25.69 
31.76 
37.03 
41.93 
46.32 
50.47 
54.58 
58.66 
62.71 

I I  I I  1 1 
-0.85 
- .81 
- .78 
- .76 -.a 
- .84 
-1.52 
-2.30 
-3.04 
-3 .64  
-4.01 

-4.32 
-4.28 
-4.10 
-3.76 
-3.24 

-4.25 

:F/ :::I 2:: I 2:;: 
1.05 .17 20.99 .44 
1 19 21 13 93 13.23 
1:43/ :251 12152 I 11.74 
1.83 

2.57 
2.611 .021 13.65 1 11.77 
2.57 -.02 13.95 12.ii 
2.46 -.*I 14.17 1 12.52 
2.29 -.07 i4.30 12.90 
T.05 -.11 14.41 13.17 
1.73 -.16 14.49 13.33 
1.32 -.22/ 14.56 1 13.34 

-1.75 13.14 .99 .72 .005677 .017400 .031715 -.014315 
-1.36 14.53 1.26 .031128 .019263 .038229 -.01@66 
-1.44 -l.ag 16.051 17.71 1.95 1.58 I ::?I .0576671 .0212011 .D"?ribl -.024255 

.085255 .023169 .053403 -.050234 
-1.52 19.50 2 37 .113@3 .025163 .0621201 -.036957 1 . I 

I 1  I 

eo = 2 2 O  

.0100 :z/ -:::: -.35 
7.56 
8.80 

10.28 
11.97 
13.83 
15.86 

24.73 
31.22 
37.33 
42.98 
47.94 
52.77 
57.29 
fi1.89 
66.80 

18.75 

72.01 

43.85 
34.35 
25.01 
17.36 
13.22 
14.50 
14.14 
14.47 
14.72 
14.78 
14.96 
15.51 
15.64 
15.86 
15.78 
15.66 
15.49 

1.901 9.37 10.95 

.0300 -.L2 

.oGm -1.86 

.OW01 .*m -1.;4 -.74 

.461 -.176577/ .0110511 .0083271 .I332724 
.07W d . , 3  
.08001 17.47 
. o m  -3.6 
. l W /  -4.13 
.1100 -4.13 
.1mo 4.03 
.15001 :=A1 

.651 -.0508931 .0240231 .0369911 -.01%68 

-2.61 

I 
80 

--T---- 

26' *c .02m 

I 1 1 1 
9.56 

11.10 
12.80 
14.47 
16.75 
19.68 
23.85 
29.76 
36.53 
42.90 
48.72 
53.98 
59.09 
64.22 
69.2:, 
75.28 
83.22 

115.79 
59.14 
19.07 
19.85 
17.93 
17.57 
18.04 
18.27 
18.16 
18.53 
18.79 
18.93 

18.64 
18.65 
18.52 
18.00 

18.78 

0.22 -21.08 
.251 7.92 
.27 27.15 
.27 22.24 

-0.296402 ( 
-.288146 
- .278650 
-.267990 
-.255869 
-.2425@ 
-.224691 
-.2029% 
-.I79386 - .152314 
- ~ 2 4 7 6 2  
- .os676 
- .068062 

-0.002184 
-.00025J 

.001459 

.002600 

.a23487 

.W3910 

.003465 

.CO2113 

.000546 
-.001718 
-.OC'+553 
- .007988 
- .011967 
- .016662 
- .022032 
- .028102 - .034912 

-3.221 4.631 -.OB 
6.05114.70 12.09 .25/ 20.42 

.07001 -3.24 

-.ml 20.8: -4.89 15.9 i  1.30 
-4.92 15.58 1.51 
-4.82 17.17 1.76 

-4.16 20.94 2.57 

-4.77 25.50 5.14 

-4.33 18.88 2.13 

-4.36 23.23 2.91 

-5.28 q.&I 3.27 

::::I 20.7% 20.62 
-.e7 20.45 
-.30 20.23 - .037678 
-.27 19.96 
-.241 19.67 
-.e5 19.38 
I ' 



TABLE 1.- Continued 

CALCUMTED CHARACTERISTICS OF A RmOR HAVING REWANGUIAR 

BLADES W I T H  A LINEAR 'IWIST OF -8' 

(f) p = 0.45 - Concluded 

I eo = 3oo 

T 11.89 

15.28 
17.42 
20.37 
24.19 
28.78 
34.17 
41.72 
47.55 
53.53 
59.65 
65.20 
70.34 
77.06 
84.76 
97.18 

13.42 
98.19 
52.38 
23.18 
23.64 
22.02 
22.31 
22.13 
22.07 
22.78 
22.70 
22.48 

22.09 
22.12 

21.36 
21.40 

22.15 

21.83 

-0.3589281 0.0064841 0.0090491 -69.37 
-2.91 
56.48 
27.15 
25.03 
25.00 
25.18 
25.20 
25.16 
24.85 
24.52 
24.21 
23.85 
23.65 
23.28 
22.84 
22.56 

-0.002564 
- .000373 

0.26 
.26 
.24 
.22 
.13 

-.02 
-.15 
-.24 
- .3l 
- .36 
-.38 
-.38 
- .37 
-.31 
-.27 
- .24 
- .10 

3.16 
3.99 
4.87 
5.77 
6.69 
7.54 
8.55 
9.71 

11.06 
12.63 

16.71 
19.12 
21.52 
24.35 
27.37 

14.49 

30.65 

-116.02 
-46.60 
-3.39 
-7.03 
-6.53 
-7.53 

-6.02 

-6.87 
-6.53 

-6.01 
-6.25 

-7.43 

15.45 1.6 
16.20 2.03 
16.98 2.24 
17.87 2.39 
18.82 2.45 
19.94 2.55 .OkW -2.93 

.0700 -3.57 

.om0 -3.44 

. O W  -3.40 

.1m -3.27 

.11W -3.02 

.1200 -2.19 

.1300 -.65 

.14W 1.32 
,1500 4.01 
.l& 8.44 

1.24 

3.23 

21.13 2 63 
22.511 2:4'i/ 

13.10 

22.77 
25.09 
27.43 

.58 

.53 

.49 

.41 

.18 

.10 

.12 A 
I I 

ZipF ,0200 -1.28 
49.92 
41.81 
34.18 
29.14 
28.35 
27.28 
27.15 
27.65 
27.28 
26.59 
26.27 
26.40 
26.10 
25.40 
25.14 
25.04 
2Q1.78 

14.47 3.72 18.29 2.12 0.23 58.35 
15.99 4.53 18.78 2.22 .20 48.22 
18.09 5.44 19.40 2.31 .13 38.73 
2 0 . 9  6.37 20.16 2.40 .03 32.54 
24.49 7.24 21.05 2.45 -.I1 31.74 
28.52 8.29 21.97 2.52 -.23 30.85 
33 .00  9.31 22.70 2.42 -.% 30.36 

45.55 12.10 24.32 1.98 -.48 29.79 
51.66 13.91 24.96 1.73 -.52 29.15 

63.42 18.30 24.62 .86 -.36 27.66 
69.49 20.72 23.50 .16 -.30 27.20 
76.72 23.39 21.73 -.75 -.31 27.13 
85.59 26.39 19.07 -1.64 -.22 26.60 
96.73 29.19 15.63 -2.45 -.07 26.37 

1,741.07 99.19 241.51 79.91 46.26 -75.59 

38.67 10.58 23.34 2.20 -.42 29.96 

58.11 16.08 25.17 1.34 -.50 28.59 

-1.73 

.&00 -3.00 

.07W -2.87 

.& 

.61 

.49 

.48 

.45 

.39 -.21%50 

.29 -.~84835I 

. .i48ii81 .0229& 
.025658 
.029693 
.032282 
.03433l 
.037157 
.041888 

-9.74 
-8.92 
-9.36 
-8.81 
-8.01 
-7.74 
-7.95 

1.50 
1.82 
1.97 
2.23 
2.49 
2.79 
2.94 

12.11 
14.24 

18.51 
20.29 
22.46 
24.55 

16.35 
-.326149 
- .301024 
- .272525 
-.246676 

.021905 

.026778 

.031092 

.034718 

.040142 

.047491 

. O h  2 92 

. o w l  :2:80 

4 
55.22 
48.54 
42.25 
37.28 
34.86 
34.58 
33.53 
32.46 
31.43 
31.19 
31.60 
30.52 
29.63 
29.74 
28.91 
37.74 
97.66 

-0 .CO2966 
-.001672 
-.000263 

17.41 4.67 21.11 2.16 0.14 56.33 

19.08 21.30 I 5.26 6.Wi 21.87 22.661 2.28 2.371 -:?:I 46.44 51.40 
24.21 6.88 23.41 2.41 -.23 41.95 

-37.53 
-28.11 
-20.37 
-15.93 
-15.14 
-12.98 
-11.04 
-9.67 
-9.52 
-9.81 
-9.06 
-8.58 

-8.67 
-10.69 
-21.42 

.001185 

.002669 

.002552 

.002%6 

.002485 

.001219 

11.49 
13.30 
15.92 
17.83 
19.92 
22.17 
23.67 

28.89 
31.09 
32.88 
9.13 
43.13 
77.22 

56.02 
35.29 
34.70 
32.22 
33.74 
32.18 
31.56 
31.16 

41.69 
47.68 
53.79 
58.15 
65.01 
72.15 
78.71 

.32 

.08 

-.04 
- .03 

4.85 
34.68 

3.08 
3.28 
3.38 
2.98 

58.88 

~ .012882 
-.017312 
-.024129 
-.005307 

f 

c 



-0.35 
.55 

1.47 
2.39 
3.32 

2.38 
2.84 
3.33 
3.86 
4.42 

-7.58 I.07 I -.:E .03' -.051353 .0016& 
72.63 1.70 -.io .03 -.0..&60 .001653 
39.33 2.3: -.22 .@. - . 0 3 n ~ >  .00153- 

.1C' 2.78 -.?7 .Oi -.03!:Y6 .oOOb82 

.03 3.66 -..'o .06 -.&1151 .00063u 

.00219'jl 

.002216 

.002312! 

.Cum% 

.00269+1 

6.97 
7.99 
9.10 

10.31 
11.60 

8.42 
9.79 

11.10 
12.30 
13.36 

12.99 
14.50 
16.17 
17.99 

16.55 
15.23 
15.97 
16.54 

1.52 
2.14 
3.08 
3.96 
5.01 

5.59 
5.86 
6.34 
6.63 
7.44 

. O W  

.O& 

.0903 

.loo0 

.no0  

.1m 

.1300 
,1403 
.lWO 
.1603 

-2.50 
-3.16 
-3.70 
-4.13 
-4.45 
-4.65 
-4.78 
-4.84 
-4.81 
-4.67 

TABLE 1.- Continued 

CALCLIIATED CHARliCTERISTICS OF A ROTOR IIRVING REi7ANGUI.W 

JJIADES WITH A LINEAR WIST OF -Eo 

00 = 6' 
t- 
o\ 
\o 

I 
GI 

I I I I I 1 1 1 1 
-3 .06 -1.041 -0.15 133.08 

70.92 
24.53 
-5.01 

-16.56 
2.63 
2.48 
2.44 
2.45 
2.60 
3.01 
3.73 
4.38 
5.12 
5.77 
6.36 
6.& 

.oooo 2.20 

.01001 12.12 
0.14 -0.01 -16.30 
.01 .02 -6.94 
.15 .& -.07 
.30 .06 4.27 
.44 .08 5.86 
.57 .08 2.73 
.78 .12 2.68 

1.08 .19 2.75 
1.41 .25 2.93 
1.75 .28 3.29 
2.02 .28 3.87 

0.001899 
.031@87 
.001907 
.001%1 
.002052 
,002075 
,032520 
.003209 
.004816 
.w7695 
.011122 
.015385 
.019884 
.024817 
.030566 
.0367w 
.a3299 

- 

-0.000663 
- .coo627 
- .coo777 
-.001124 
- .001683 
-.(XI2474 
- .003474 
- .004716 
- .006461 - .008783 
- .011750 
- .015493 - .019602 

-0.02 
-.02 
-.02 
-.Ol 
.w 
.03 
.O5 
.06 
.11 
.23 
.33 
.43 
.52 
.58 
.64 
.69 
.74 
I 

5.50 
.12 
1.80 
3.54 
5.16 
7.44 

10.07 
13.32 
17.13 
21.12 
25.36 
29.50 
53 .07 
36.54 
39.91 
43.30 

-.ii .2 i  
.83 .71 

1.70 1.17 
2.58 1.66 
3.38 2.11 
4.32 2.82 
5.24 3.71 
6.24 4.82 
7.20 6.16 
8.26 7.47 
9.36 8.76 

10.56 9.93 
11.84 11.00 
13.17 11.92 
14.60 12 17 
16.191 1;:;; 

-22.191 1.63 I -.12 I 
.071 2.201 -.111 

,0900 -2.82 
.lo00 -3 .23  
.I100 -3.66 
.1200 -4.00 
.1xo -4.25 
.i4w -4.51 
.1500 -4.72 
. l h  -4.86 

.13?921! .0005071 - .024310 
-.029435 
-.035033 
- .041097 A' I I 

I 

I I I 4 
0 = 100 1 

I I I I I 1 1 t 
oooo -1.80 -0.40 
:OlOO/ -1.78 I 1.27 
.om0 -1.77 3.02 
. o m  -1.76 4.85 

113.09 
57.59 
14.85 

-13.65 
-26.28 

6.56 
5.m 
5.40 
5.38 
5.57 
6.18 
6.73 
7.39 
7.98 
8.51 
8.95 
9.30 

00 = 14' 

__ 

__ 
99.78 
48.82 
14.43 
-2.71 
11.93 
10.11 
9.18 
0.49 
8.90 
9.12 
9.60 

10.07 
10.55 
11.00 
11.39 
11.73 
U.98 

-123 29 0.15 -0 14 0 01 -0 065186 0 001045 0.032375 
-57:82 I - .45 I -:i6 I :021 -:os83ml :0013921 .0022551 -0.031330 

- .000862 
-.000599 
-.ooo563 - .coo778 

-.W2058 
-.a3228 
-.005024 
- .007362 
- .010433 
- .013897 
-.017943 
- .022520 
-.027590 
-.033123 - .039150 

- . CO1324 .0400 1.76 6.?i 
. o m 1  11.64 I 8.01 

.037ffi8 

.073033 

.091421 

.110684 

.131015 

.152414 

. o m n  
.003792 
. 0 0 4 6 ~  
.035738 

.007356 

.008050 

.008649 

.006586 

-.78 
-.66 
- .48 
- .19 

.12 

.41 

.67 

.53 

.60 

.65 

.7O 

.75 
-79 
.81 

.018548 

.0%946 

.04ll73 

.047799 

.023681 

.029106 
35.85 
39.67 

47.04 
50.65 

10.27 

12.36 
13.53 
14-79 

.98 
..26 1 

I 

I 
.Woo1 

-1 .41  
.01w -1.39 

2.13 
3.85 
5.59 
7.34 
8.70 

11.14 
14.09 
17.99 
23.73 
28.77 
33.83 
38.45 
42.66 
46.78 
50.75 
54.51 
58.00 

0.311 4.92 102.70 0.39 -0.27 

1.27 1.61 -.31 
20.89 2.24 - .33  

.52 2.71 -.38 

-40.21 .99 -.29 

.35 3.63 -a 
-.a7 4.87 -.lo 

-1.66 6.16 .08 
-1.69 7.47 .18 
-1.85 8.73 .)1 
-1.79 9.94 .43 
-1.58 11.07 .57 
-1.17 12.11 .72 

-0.001954 
-.001209 

- .Coo370 
-.coo678 

-.000365 

_ _  
. o m  -1.37 
0300 -1.35 

-1.22 
.05w -1.56 
.0600 -l.93 5.76 8.79 

6.701 10.22 
7.70 U.84 

1.79 30 10.30 
2.201 134 I 9.98 

- .074926 
- .060405 
-.a2782 
- .025005 
-.006030 

. o w 6 8  

.24 

.39 

.5O 

.60 

.67 

.72 

.a33935 

.005148 

.006204 

.007511 

.039215 

.010461 

.037118 

.010256 

.013925 

.Ole630 

.023346 

2.45 

11.32 
2.72 11.75 
2.70 12.x) 

6.61 13.27 
9.99 14.57 
l . 3 3  15.73 
.2.83 16.74 
.4.45 17.61 
.6.19 18.31 
.8.07 18.81 

-.79 13.25 
-.47 14.51 

-.01 17.39 1.92 
-.21 1 15.89 1 1 i l l  .7y' .05z& .oi~&. ,033~60 

.8i .07L271 .013..01 .033776 

.A2 .W7-47 .Ol-652 .&mi09 

.a3 ..21-38 .OlbC60 . O > i l U  

- .021366 

-.OX957 
-.038158 

-.026>75 

0.10 19.06 I 
I 1 I I I 1 1 1 



al, a,, a3, *', a', 
deg deg 

deg deg deg (ref. 7 )  (ref. 5) 
b', bl, 
deg deg 

.0100 

.0200 
,0300 
.a00 
.0500 
,0600 
,0700 
,0800 

-.93 
-.95 

-1.02 
-1.10 
-1.49 
-2.26 
-2.98 
-3.66 

.1100 

.1m 
,1300 
,1400 
,1500 
.lGoo 

-4.67 
-4.77 
-4.71 
-4.55 
-h.?6 
-3.84 

1.88 
2.68 
3.56 
4.47 
5.26 
6.13 
7.01 
7.99 
9.16 

10.19 1.10 0.20 57.73 
10.66 1.29 .25 44.41 
11.26 1.50 .29 31.68 
11.98 1.75 .32 21.75 
12.82 2.02 .3i 20.29 
13.82 2.30 .28 19.26 
14.91 2.55 .21 19.06 
16.56 2.72 19.14 
1 8 . l j i  2.84 

0.58 19.631 2.91 
2.13 I20.70/  2.84 

I!ESi :;::: 
-.09 19.16 

.0300 

.0400 

.0500 

.0600 

.0700 

. o m  
,0900 
.loo0 
. n o 0  
.12M 

-.98 
-1.51 
-2.06 
-2.67 
-3.44 
-4.01 
-4.38 
-4.56 
-4.57 
-4.45 

5 . 8 0  
5.64 
7.76 
0.19 
'2.94 
'6.06 

21.561 
22.16 
22.43 
22.34 
21.85 
20.91! 

L02.59 
58.27 
26.96 
24.37 

-136.48 
-57.44 
-3.58 
-5.28 

0.307867 
-.299183 
-.289478 
-.279403 
-.266587 
-.251070 
-.234525 
-.214215 
-.189105 
-.164711 
-.140333 
-.114732 
- .087944 
-.060143 
- ,031476 
-.001943 

. 0 2 8 5 5  

0.004042 0.007490 
,005967 .007685 
.007940 .008173 
.009767 .009000 
.011869 .010440 
.014079 .012792 
.015971 .o15296 
.017964 .018414 
.0196&1 .022123 
.022167 .026841 
.025291 .032521 
.027746 .038037 
.02S817 .044225 
.O32O87 .OS229 
.035119 .059178 
.038977 .068140 
.043726 .078184 

21.13 
20.87 
20.79 
20.83 
20.99 
m.a7 

-5.94 
-5.89 
-5.45 
-5.40 
-5.64 
-5.08 

TABLE 1.- Continued 

CALCUIslTED CHARACTERISTICS OF A ROTOR HAVING R E C P A N G W  

BL4DF.S WITH A LINEAR TWIST OF -8' 

(9) LJ = 0.50 - Continued 

eo = 180 
I 

4.79 
6.52 
8.26 
9.99 

11.49 
13.96 
17.06 
21.96 

100.09 
50.99 
17.28 

1.59 
14.82 
12.81 
12.70 
12.34 
12.78 
l 2 . W  
13.10 
13.40 
13.81 
14.16 
14.48 
14.77 
15.00 

.oooOl -0.94 -99.50 0.89 -0.45 0.03 
-36.90 1.51 -.46 .04 

21.g81 4.77 2.18 2 . g 2 1  -.45 -.ill 
.06 

1.06 7.44 
1.99 7.92 
2.91 8.44 
3.82 9.03 
4.68 9.61 
5.61 10.54 
6.36 11.76 

-.I53625 . a 7 9 2  .004261 ,000531 
-.142614 .006027 .002418 .000610 
-.129407 .007707 .007731 -.WOO25 
- .I12130 .009446 .010616 - .001170 
- .091060 .011061 .014409 -.003328 
- ,071361 .012630 .018282 -.005652 
- .051305 .014077 .022538 - .008461 
-.030031 .015445 .027309 -.011@& 
-.007590 .016768 ,032678 -.015910 
.016026 .Ole651 .0389% -.020348 
.d+O842 .020779 .046327 -.025%6 
.Oh6857 .023175 .054763 -.031588 
.094073 .025%2 .064415 -.038552 

29.09 
34.69 
40.02 
44.95 
49.47 
53.88 
58.34 
62.81 
67.28 

. o w  4.13 

.1000/ 14.44 
9 . 6  16.49 

10.97 17.77 
L2.49 18.86 
14.20 19.79 
~ 6 . 0 3  20.42 
18.03 20.73 
20.23 I 20.66 

a I 
00 = 220 

I 
7.57 
8.88 

10.50 
12.42 

55.33 
42.24 
29.67 
19.m 
18.06 
16.85 
16.68 
16.79 
16.80 
16.66 
16.84 
17.06 
17.28 
17.40 
17.39 
17.26 
16.97 

-2.28 
-1.77 
-1.46 
-1.52 
-2.60 
-3.39 
-3.48 
-4.75 
-4.91 
-3.85 
-3.60 
-3.42 
-3.27 
-5.08 
-2.84 
-2.54 
-2.19 

1.61 
2.20 
2.95 
3.91 
5.11 
6.47 
7.94 
9.73 
11.27 
12.62 
14 . O l  
15.43 
16.94 
18.68 
20.66 
22.92 
25.46 

- .002793 
-.I331566 
-.COO565 

,0100 :z/ -::: -.65 

.000619 

.00102e 

.00058R 
- .000&5 
- .002717 

.001094 
14.43 
17.31 
21.22 
28.05 
34.57 
40.76 
46.09 

- .005064 
- .007789 
- .OllOlE 

.99 .a2 
1.19 .e4 
1.41 .80 
1.68 .75 
2.05 .71 
2.55 .70 
3.18 .71 
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(a )  CL = 0.1. 

Figure 2.- Charts of t h r u s t  coef f ic ien t ,  p r o f i l e  power coef f ic ien t ,  and 
t o t a l  power coef f ic ien t  as a funct ion of inflow r a t i o  and p i t c h  angle 
f o r  blades w i t h  -8' of t w i s t .  
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(b) )1 = 0.2. 

Figure 2.- Continued. 



( c )  IJ- = 0.3. 

Figure 2.- Continued. 
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Figure 2.- Continued. 
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( e )  P = 0.4. 

Figure 2.- Continued. 
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(f) p = 0.43. 

Figure 2.- Continued. 
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Figure 2.- Concluded. 
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Figure 3.- Charts of useful  power (Cp - % , o / ~ )  as a M c t i o n  of inflow 

r a t i o  and t i p  speed for blades with -8' of t w i s t .  
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